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SUMMARY 
The complex m e t a l h y d r i d e s behave a s weak e l e c t r o l y t e s i n t e t r a ­
h y d r o f u r a n . The e q u i v a l e n t c o n d u c t a n c e s f o r l i t h i u m aluminum h y d r i d e , 
sodium aluminum h y d r i d e , t e t r a b u t y l a m m o n i u m aluminum h y d r i d e and l i t h i u m 
b o r o h y d r i d e i n THF a r e c o n s i s t e n t w i t h t h e p r e s e n c e of f r e e i o n s and i o n 
p a i r s i n d i l u t e s o l u t i o n , and t h e f o r m a t i o n of t r i p l e i o n s a t t h e h i g h e r 
c o n c e n t r a t i o n s . I n t h e r e g i o n where f r e e i o n s and i o n p a i r s a r e e n c o u n ­
t e r e d , t h e l i m i t i n g e q u i v a l e n t c o n d u c t a n c e s ( A ^ ) and t h e i o n p a i r d i s s o ­
c i a t i o n c o n s t a n t s (K ) a r e e v a l u a t e d by t h e F u o s s me thod . U t i l i z i n g a 
a 
s p h e r e i n con t inuum mode l , t h e c e n t e r - t o - c e n t e r d i s t a n c e s be tween t h e i o n s 
i n t h e i o n p a i r c a l c u l a t e d from t h e e x p e r i m e n t a l K v a l u e s i n d i c a t e t h a t 
a 
t h e i o n p a i r s of Bu^NAlH^ and LiBH^ a r e i n i n t i m a t e c o n t a c t , w h e r e a s t h e 
LiAlH^ and NaAlH^ s p e c i e s a r e s o l v e n t s e p a r a t e d i o n p a i r s . F u r t h e r m o r e , 
t h e the rmodynamic p a r a m e t e r s s u g g e s t t h a t a s u b s t a n t i a l f r a c t i o n of t h e 
NaAlH^ i o n p a i r s a r e i n i n t i m a t e c o n t a c t a t 25°C, w h i l e t h e LiAlH^ i o n 
p a i r s a r e p r e d o m i n a n t l y s o l v e n t s e p a r a t e d . The -A . 0 v a l u e s o b t a i n e d f o r 
t h e s e h y d r i d e s s u p p o r t t h e s e r e s u l t s . I n t h e r e g i o n where i o n p a i r s and 
t r i p l e i o n s a r e e n c o u n t e r e d , t h e t r i p l e i o n d i s s o c i a t i o n c o n s t a n t s (K ) 
have b e e n e v a l u a t e d from t h e d a t a u s i n g t h e Fuoss me thod . Combining t h e 
K and K v a l u e s , t h e f r a c t i o n of e a c h s p e c i e s p r e s e n t a t any c o n c e n t r a -
a x> 
t i o n below 0 . 1 M h a s been c a l c u l a t e d . When t h e s e v a l u e s a r e used t o 
c a l c u l a t e a p r e d i c t e d i - v a l u e , a good a g r e e m e n t i s found be tween t h e o b ­
s e r v e d e b u l l i o s c o p i c i - v a l u e s and t h o s e p r e d i c t e d from t h e c o n d u c t a n c e 
r e s u l t s . NMR s t u d i e s i n d i c a t e t h e f o r m a t i o n of a 4 i l THF s o l v a t e w i t h 
X 
LiAlH^, L iClO^ and L i l , and t h e f o r m a t i o n of a 2 i l THF s o l v a t e w i t h 
LiBH^. Bu^NAlH^ shows no i n t e r a c t i o n w i t h THF i n s i m i l a r s t u d i e s . The 
a p p e a r a n c e of bands n e a r 420 cm ^ i n t h e i n f r a r e d , which a r e a t t r i b u t e d 
t o t h e v i b r a t i o n of t h e l i t h i u m i o n i n a s o l v e n t c a g e , a r e found f o r 
L iAlH^, L i C l O ^ , L i l and L i B r , b u t w e l l d e f i n e d bands a r e a b s e n t f o r LiBH^ 
i n THF. The a l k o x y d e r i v a t i v e s of LiAlH^ and LiBH^ i n THF c a n a l s o be 
i n t e r p r e t e d i n t e r m s of i o n p a i r s , t r i p l e i o n s and l a r g e r a g g r e g a t e s . 
Excep t f o r LiAl(0CH^)H^, t h e methoxy compounds show e x t e n s i v e a s s o c i a t i o n 
i n THF a s t h e c o n c e n t r a t i o n i s i n c r e a s e d . The o t h e r a l k o x y d e r i v a t i v e s 
e x i s t p r i m a r i l y a s i o n p a i r s , s i n c e t h e i - v a l u e d o e s n o t exceed 1.2 o v e r 
t h e c o n c e n t r a t i o n r a n g e s t u d i e d . NMR and i n f r a r e d s t u d i e s s u g g e s t t h e 
f o r m a t i o n of a l i t h i u m i o n - c a r b o n y l complex w i t h a c e t o n e i n d i e t h y l e t h e r 
and THF. From t h e s e r e s u l t s , a r e a s o n a b l e model f o r t h e mechanism of 
LiAlH^ r e d u c t i o n of k e t o n e s i n v o l v i n g i n i t i a l c o m p l e x a t i o n of t h e c a r b o n y l 
g r o u p by l i t h i u m i o n f o l l o w e d by s u b s e q u e n t r e a r r a n g e m e n t and h y d r i d e 
t r a n s f e r i s p r o p o s e d . 
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CHAPTER I 
INTRODUCTION 
Background 
S i n c e t h e d i s c o v e r y of l i t h i u m aluminum h y d r i d e and l i t h i u m b o r o -
1 2 h y d r i d e by S c h l e s i n g e r and c o w o r k e r s , t h o u s a n d s of r e p o r t s c o n c e r n i n g 
t h e u s e o f t h e s e compounds a s r e d u c i n g a g e n t s i n o r g a n i c s y n t h e s i s have 
a p p e a r e d i n t h e l i t e r a t u r e . The a v a i l a b i l i t y o f t h e s e e t h e r - s o l u b l e 
r e d u c i n g r e a g e n t s h a s p r o v i d e d t h e o r g a n i c c h e m i s t w i t h a means o f p e r ­
fo rming s e l e c t i v e r e d u c t i o n s on o r g a n i c s u b s t r a t e s , which p r i o r t o t h i s 
t i m e , were n o t p o s s i b l e . Few d e t a i l s , however , a r e p r e s e n t l y a v a i l a b l e 
on t h e mechanism of t h e s e r e d u c t i o n s . The l a c k o f p r e c i s e i n f o r m a t i o n 
c o n c e r n i n g t h e n a t u r e o f t h e s o l u t e s p e c i e s i n e t h e r e a l s o l v e n t s h a s b e e n 
t h e major o b s t a c l e i n p r o v i d i n g a n e x a c t d e s c r i p t i o n of t h e mechanism of 
complex m e t a l h y d r i d e r e d u c t i o n o f o r g a n i c s u b s t r a t e s . T h u s , i n s p i t e of 
t h e f a c t t h a t r e d u c t i o n s o f k e t o n e s and o t h e r o r g a n i c f u n c t i o n a l compounds 
by LiAlH^ r e p r e s e n t s one o f t h e most f u n d a m e n t a l r e a c t i o n s i n a l l o f 
o r g a n i c c h e m i s t r y , i t h a s no t b e e n p o s s i b l e t o d e s c r i b e t h e mechanism of 
t h e s e r e a c t i o n s i n any d e t a i l . C o n s e q u e n t l y , i t would a p p e a r t h a t i n f o r m a ­
t i o n c o n c e r n i n g t h e n a t u r e of t h e s o l u t e s p e c i e s p r e s e n t i n e t h e r s o l u t i o n s 
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o f complex m e t a l h y d r i d e s , such a s LiAlH^, i s c r u c i a l b e f o r e a p r e c i s e 
d e s c r i p t i o n of t h e mechanism of r e d u c t i o n can be d e d u c e d . 
G o n c u c t a n c e d a t a on s o l u t i o n s o f LiAlH^ a r e i n d e e d meager due t o 
t h e e x t r e m e l y r e a c t i v e n a t u r e of t h e h y d r i d e w i t h t r a c e amounts o f w a t e r . 
The o n l y a v a i l a b l e d a t a i s l i m i t e d t o c o n c e n t r a t i o n s above 0 . 0 5 H . I n d i -
e t h y l e t h e r t h e c o n d u c t a n c e o f LiAlH^ i s r e p o r t e d by Paddock^ t o be 
4 , 4 3 x 10 ^ ohm~* cm"* f o r a 1 M s o l u t i o n , which i s a p p r o x i m a t e l y t h e same 
v a l u e r e p o r t e d f o r e t hy lmagnes ium bromide u n d e r s i m i l a r c o n d i t i o n s . Evans 
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and c o w o r k e r s o b t a i n e d v a l u e s of a s i m i l a r o r d e r o f magn i tude f o r t h e c o n ­
d u c t a n c e o f LiAlH^ i n d i e t h y l e t h e r o v e r t h e e n t i r e c o n c e n t r a t i o n r a n g e 
0 . 0 4 m t o O.32 m. The d a t a of J a r d e r ^ i n t h e same c o n c e n t r a t i o n r a n g e 
f o l l o w s a n i d e n t i c a l t r e n d bu t t h e a c t u a l c o n d u c t a n c e v a l u e s r e p o r t e d a r e 
an o r d e r o f m a g n i t u d e l a r g e r t h a n t h o s e r e p o r t e d by E v a n s , I n t e t r a ­
h y d r o f u r a n (THF), A l p a t o v a ^ r e p o r t e d t h e c o n d u c t a n c e of LiAlH^ i n t h e c o n ­
c e n t r a t i o n r a n g e 0 , 1 M t o 0 , 5 M t o be s i m i l a r t o t h e r e s u l t s o b t a i n e d i n 
d i e t h y l e t h e r e x c e p t t h a t t h e v a l u e s were i n c r e a s e d by a h u n d r e d f o l d . 
I n a d d i t i o n t o L iAlH^, c o n d u c t a n c e d a t a on e t h e r e a l s o l u t i o n s o f 
NaAlH^ and LiBH^ a r e meage r . The c o n d u c t a n c e of a 3 M s o l u t i o n o f NaAlH^ 
- 2 - 1 - 1 ^ 
i n THF a t 40 G i s r e p o r t e d t o be 2 x 10 ohm cm by A l p a t o v a . The 
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c o n d u c t a n c e of a 0 . 5 M s o l u t i o n o f LiBH^ i n d i e t h y l e t h e r i s r e p o r t e d t o 
be l e s s t h a n 1 x 10 ohm cm" and t h e c o n d u c t a n c e of a 0 , 3 M s o l u t i o n 
o f LiBH^ i n THF1 i s r e p o r t e d t o be 7 . 7 x 1 0 " 5 ohm" 1 c m " 1 a t 25°C . Con­
d u c t a n c e d a t a and m o l e c u l a r a s s o c i a t i o n d a t a a r e no t a v a i l a b l e f o r e t h e r e a l 
s o l u t i o n s o f t h e a l k o x y d e r i v a t i v e s o f LiAlH^ and LiBH^. 
The c r y s t a l s t r u c t u r e s ^ * ^ and i n f r a r e d s p e c t r a 1 ^ f o r LiAlH^ and 
LiBH^ have b e e n d e t e r m i n e d , e s t a b l i s h i n g t h e t e t r a h e d r a l symmetry o f t h e 
AlH^ and t h e BH^ i o n s . I n s o l u t i o n t h e p r e s e n c e of i o n i c s p e c i e s ( i ) 
o r c o v a l e n t s p e c i e s ( i i ) h a s n o t been d e f i n i t e l y e s t a b l i s h e d even t h o u g h 
b o t h t y p e s have b e e n p r o p o s e d a s e x i s t i n g i n s o l u t i o n . 
P r e v i o u s m o l e c u l a r w e i g h t and c o n d u c t a n c e s t u d i e s on t h e s e h y d r i d e s have 
s u g g e s t e d t h a t some form of a s s o c i a t i o n o f t h e s o l u t e o c c u r s i n s o l u t i o n . 
Wiberg and G r a f 1 1 pe r fo rmed c r u d e m o l e c u l a r w e i g h t e x p e r i m e n t s on LiAlH^ 
i n d i e t h y l e t h e r and found t h a t t h e s o l u t e was e x t e n s i v e l y a s s o c i a t e d . 
E x t e n s i v e a s s o c i a t i o n o f LiBH^ was a l s o o b s e r v e d i n d i e t h y l e t h e r by Ntfth. 
I t h a s b e e n p r o p o s e d t h a t t h e o b s e r v e d a s s o c i a t i o n i s due t o t h e f o r m a t i o n 
o f h y d r o g e n b r i d g e s p e c i e s ( i l l ) . 
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Fou r Raman and two i n f r a r e d b a n d s have been o b s e r v e d f o r LiAlH^ 
12 
i n d i e t h y l e t h e r by L i p p i n c o t t . The c o i n c i d e n c e of t h e i n f r a r e d b a n d s 
w i t h t h e Raman b a n d s i s c o n s i s t e n t f o r t h e t e t r a h e d r a l model of t h e AlH^" 
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i o n i n s o l u t i o n . These r e s u l t s have been s u b s t a n t i a t e d by D 'Or and F u g e r . 
14 
A s i m i l a r r e s u l t i s r e a c h e d by H a r a g u c h i and F u j i w a r a , who o b s e r v e d t h a t 
t h e aluminum —27 s i g n a l f o r LiAlH^ i n d i e t h y l e t h e r i s s i m i l a r t o t h e c h e ­
m i c a l s h i f t and l i n e w i d t h o f o t h e r aluminum compounds known t o p o s s e s s 
t e t r a h e d r a l symmetry . 
A d i s t o r t e d t e t r a h e d r a l symmetry f o r t h e AlH^ i o n h a s b e e n s u g g e s ­
t e d by s e v e r a l o t h e r i n v e s t i g a t o r s . 1 ^ ' 1 ^ T h e r e i s a s h i f t t o l o w e r wave 
numbers f o r t h e Al-H s t r e t c h i n g band i n t h e i n f r a r e d s p e c t r a o f d i e t h y l 
e t h e r (1740 c m " 1 ) and THF s o l u t i o n s (1698 c m " 1 ) o f LiAlH^ compared t o t h a t 
found i n t h e s o l i d (1798 c m " 1 ) . A s h i f t i s a l s o found i n a s o l u t i o n o f 
LiAlH^ i n benzene-THF where t h e r a t i o o f LiAlH^iTHF i s 1 :3 (1724 c m " 1 ) and 
I t 8 ( l 6 7 4 cm 1 ) . The f r e q u e n c y o f t h e Al-H s t r e t c h i n g b a n d , however , i s 
i n d e p e n d e n t o f c o n c e n t r a t i o n f o r d i e t h y l e t h e r s o l u t i o n s of LiAlH^ even 
t h o u g h t h e a s s o c i a t i o n i n c r e a s e s w i t h i n c r e a s i n g c o n c e n t r a t i o n . 
P u r p o s e 
The l i m i t e d a s s o c i a t i o n d a t a s u p p o r t s t h e c o n c e p t o f h y d r o g e n 
b r i d g e d s p e c i e s ( i l l ) , w h e r e a s t h e c o n d u c t a n c e and s p e c t r a l d a t a s u g g e s t s 
t h a t t h e t e t r a h e d r a l symmetry o f t h e A1H^~ i o n i s r e t a i n e d i n s o l u t i o n , 
i . e . , i o n i c s p e c i e s ( i ) . B e f o r e t h i s q u e s t i o n c a n be r e s o l v e d and k i n e t i c 
d a t a c a n be u n a m b i g u o u s l y i n t e r p r e t e d , t h e e x a c t n a t u r e o f t h e s o l u t e 
s p e c i e s p r e s e n t i n s o l u t i o n must be d e t e r m i n e d . 
To p r o v i d e t h i s i n f o r m a t i o n , e x t e n s i v e c o n d u c t a n c e ( 0 . 5 M t o 
1 x 10 M) and e b u l l i o s c o p i c ( 0 . 5 m t o 0 . 0 5 m) measu remen t s were o b t a i n e d 
on l i t h i u m aluminum h y d r i d e , sodium aluminum h y d r i d e , t e t r a b u t y l a m m o n i u m 
aluminum h y d r i d e , l i t h i u m b o r o h y d r i d e and s e v e r a l a l k o x y d e r i v a t i v e s o f 
LiAlH^ and LiBH^. From t h e s e d a t a and t h e d a t a from NMR and i n f r a r e d 
s t u d i e s , a n e x a c t d e s c r i p t i o n of t h e s o l u t e s p e c i e s p r e s e n t i n THF s o l u t i o n 
h a s b e e n d e v e l o p e d . A r e a s o n a b l e model f o r t h e r e d u c t i o n o f k e t o n e s w i t h 
complex m e t a l h y d r i d e s i s p r o p o s e d i n t e r m s of t h e s e s o l u t e s p e c i e s . The 
e f f e c t o f t h e s e s o l u t e s p e c i e s on t h e s t e r e o s e l e c t i v i t y o f t h e s e r e d u c t i o n s 
i s a l s o e x a m i n e d . 
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CHAPTER I I 
EXPERIMENTAL 
M a t e r i a l s 
L i t h i u m aluminum h y d r i d e , sodium aluminum h y d r i d e and l i t h i u m 
b o r o h y d r i d e were o b t a i n e d from A l f a I n o r g a n i c s (9&%>+ p u r e ) , and were u s e d 
w i t h o u t f u r t h e r p u r i f i c a t i o n . 
F i s h e r r e a g e n t g r a d e t e t r a h y d r o f u r a n (THF) and d i e t h y l e t h e r were 
d i s t i l l e d o v e r LiAlH^ i n a n i t r o g e n a t m o s p h e r e . 
F i s h e r r e a g e n t g r a d e me thano l was d i s t i l l e d from magnesium 
t u r n i n g s . 
F i s h e r r e a g e n t g r a d e t e r t - b u t y l a l c o h o l was d i s t i l l e d from sod ium. 
F i s h e r r e a g e n t g r a d e benzophenone was d i s t i l l e d t w i c e u n d e r vacuum. 
L i t h i u m b r o m i d e , l i t h i u m i o d i d e , and l i t h i u m p e r c h l o r a t e were 
o b t a i n e d from A l f a I n o r g a n i c s and were used w i t h o u t any f u r t h e r p u r ­
i f i c a t i o n . 
Te t rabu ty lammonium bromide was o b t a i n e d from E a s t m a n , r e c r y s t a l l i z e d 
t w i c e from THF and d r i e d on a h i g h vacuum l i n e . 
A p p a r a t u s and P r o c e d u r e 
C o n d u c t a n c e Measurements 
The c o n d u c t a n c e s o f s o l u t i o n s were measured on a Beckman Model 
RC-18A c o n d u c t i v i t y b r i d g e . The r e p o r t e d a c c u r a c y i s ± 0 . 0 5 $ of t h e d e c a d e 
r e s i s t a n c e r e a d i n g o v e r t h e r a n g e 500-50*000 ohms. A S a r g e n t (Model S -
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82055) c o n s t a n t t e m p e r a t u r e w a t e r b a t h was employed f o r r e g u l a t i n g t e m p e r a ­
t u r e s o f t h e s o l u t i o n be tween 0°C and 25°C, u s i n g a t h e r m o m e t e r r e a d t o t h e 
n e a r e s t 0 ,01°C which was c a l i b r a t e d a g a i n s t a NBS r e s i s t a n c e t h e r m o m e t e r . 
F o r t e m p e r a t u r e s below 0°G, an i s o p r o p y l a l c o h o l — c a r b o n d i o x i d e s l u s h 
b a t h c o n t a i n i n g a p p r o p r i a t e amounts o f w a t e r was employed w i t h an i r o n - c o n -
s t a n t i n e t h e r m o c o u p l e ( + 1 . 0 ° ) t o d e t e r m i n e t h e t e m p e r a t u r e o f t h e b a t h . 
A h i g h vacuum s y s t e m was d e s i g n e d t o o b t a i n r e p r o d u c i b l e c o n d u c -
- 3 
t a n c e d a t a below 3 x 10 ^ M, where i t i s e s s e n t i a l t o remove a l l t r a c e s 
o f oxygen and w a t e r i f h y d r o l y s i s i s t o be a v o i d e d . Two t y p e s o f c o n ­
d u c t a n c e c e l l s were employed and a r e shown i n F i g u r e 1 , C e l l I c o n s i s t e d 
o f a one l i t e r f l a s k w i t h i A, a vacuum m a g n e t i c s t i r r e r ( S c i e n t i f i c G l a s s 
No. J S - 3 0 8 5 2 4 / ^ 0 ) i n s e r t e d t h r o u g h a 2k/k0 j o i n t j B, a Beckman c o n ­
d u c t i v i t y c e l l (Model Cel -A001-Y87) s e a l e d t o t h e bo t tom o f t h e f l a s k ; 
C, a s i d e arm f o r t h e s t o r a g e and i n t r o d u c t i o n o f h y d r i d e s a m p l e s . T h i s 
f l a s k was a t t a c h e d t o a s t a n d a r d h i g h vacuum s y s t e m and was f l amed u n t i l 
- 5 
t h e p r e s s u r e was below 5 x 10 t o r r . S e a l e d ampou les c o n t a i n i n g t h e 
h y d r i d e s were t h e n moved from t h e s i d e arm i n t o t h e f l a s k and b r o k e n by 
means o f a t e f l o n c o a t e d m a g n e t i c s t i r r i n g b a r . Known amounts o f THF 
were t r a n s f e r r e d t o t h e c o n d u c t a n c e c e l l from a s t o r a g e f l a s k on t h e 
vacuum r a c k t h r o u g h a b u r e t w i t h a vacuum s t o p c o c k . The s t o r a g e f l a s k 
c o n t a i n e d a s a t u r a t e d s o l u t i o n o f LiAlH^ i n THF. With t h i s a r r a n g e m e n t , 
- 5 
r e p r o d u c i b l e d a t a were o b t a i n e d down t o 5 x 10 m o l a r h y d r i d e . 
I n o r d e r t o o b t a i n r e p r o d u c i b l e d a t a below 5 x 10 ^ M, i t was 
n e c e s s a r y t o employ C e l l I I , T h i s c e l l c o n s i s t e d o f s t o r a g e f l a s k ( D ) , 
a c o n d e n s e r ( E ) , a n o b l o n g c o n d u c t a n c e f l a s k (F ) w i t h c a l i b r a t i o n marks 
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on t h e s i d e f o r volume d e t e r m i n a t i o n , a s i d e arm (G) f o r sample b u l b 
s t o r a g e and I n t r o d u c t i o n , a 2 9 / 4 0 j o i n t t o i n s e r t a Beckman c o n d u c t i v i t y -
c e l l (H) i n t o t h e f l a s k , and a t e f l o n h i g h vacuum s t o p c o c k ( j ) . T h i s c e l l 
was a t t a c h e d t o a h i g h vacuum s y s t e m , and t h e THF was i n t r o d u c e d a s d e s ­
c r i b e d p r e v i o u s l y . A f t e r t h e r e m o v a l o f t h e c e l l from t h e vacuum s y s t e m 
w i t h s t o p c o c k ( j ) c l o s e d , a s ample of h y d r i d e was i n t r o d u c e d i n t o t h e c e l l 
and a l l o w e d t o r e a c t w i t h any w a t e r p r e s e n t . When t h e c o n d u c t a n c e was 
c o n s t a n t , t h i s s o l u t i o n was poured i n t o s t o r a g e f l a s k ( D ) . Then THF was 
d i s t i l l e d back i n t o t h e c e l l t o wash o u t any r e m a i n i n g h y d r i d e . When t h e 
c o n d u c t a n c e o f t h e d i s t i l l e d THF was l e s s t h a n 0 . 4 0 x 10 ^ mhos ( t h e c o n ­
d u c t a n c e o f t h e p u r e THF i s 0 . 4 0 x 1 0 " ^ m h o s ) , a new sample b u l b was b r o k e n . 
To o b t a i n l o w e r c o n c e n t r a t i o n s , a n a p p r o p r i a t e amount o f t h i s s o l u t i o n was 
pou red i n t o s t o r a g e f l a s k (D) and p u r e THF d i s t i l l e d back i n t o t h e c e l l 
t o e f f e c t t h e d e s i r e d d i l u t i o n . With t h i s p r o c e d u r e c o n d u c t a n c e d a t a were 
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o b t a i n e d on e a c h h y d r i d e down t o 2 x 10 M. Even w i t h t h i s p r o c e d u r e i t 
was d i f f i c u l t t o d e t e r m i n e a c c u r a t e l y t h e c o n d u c t a n c e o f LiAlH^ s o l u t i o n s 
below 1 x 1 0 " 6 M. 
F o r c o n c e n t r a t i o n s above 0 . 0 1 M, a normal c o n d u c t a n c e c e l l p u r g e d 
w i t h n i t r o g e n was employed . A Beckman c o n d u c t i v i t y c e l l (Model Cel -AOOl-
Y87) o r c o n d u c t i v i t y c e l l (Model 3 ^ 0 1 , Yel low S p r i n g s I n s t r u m e n t Go . ) was 
i n s e r t e d i n t o an o b l o n g f l a s k of t h e t y p e shown i n F i g u r e 1 , and a l l o w e d 
t o c o o l u n d e r a n i t r o g e n p u r g e . A known volume o f s o l v e n t ( a b o u t 100 ml) 
was t r a n s f e r r e d t o t h e f l a s k t h r o u g h a t e f l o n s t o p c o c k v i a a s y r i n g e . 
A l i q u o t s o f a p p r o x i m a t e l y 1 .0 M h y d r i d e were t h e n t r a n s f e r r e d t o t h e f l a s k 
v i a s y r i n g e t o o b t a i n t h e d e s i r e d c o n c e n t r a t i o n s . E f f e c t i v e m i x i n g of t h e 
s o l u t i o n was a c c o m p l i s h e d by means of a m a g n e t i c s t i r r i n g b a r . 
For t h e d i l u t e c o n c e n t r a t i o n r a n g e , s a m p l e s of h y d r i d e were p r e ­
p a r e d i n s e a l e d a m p o u l e s . A 10 -500 mg sample of t h e a p p r o x i m a t e l y 1.0 
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mola r s t o c k s o l u t i o n , which was s t o r e d i n a r e c i r c u l a t i n g d r y box * 
a t a l l t i m e s , was t r a n s f e r r e d t o a n ampoule s e a l e d t o a 1 0 / l 8 j o i n t by 
means of a s y r i n g e . The e x a c t w e i g h t o f t h e sample o f h y d r i d e was d e t e r ­
mined by d i f f e r e n c e . A f t e r t h e second w e i g h i n g o f t h e ampoule and 1 0 / 1 8 
j o i n t , t h e l o w e r p o r t i o n of t h e ampoule was immersed i n l i q u i d n i t r o g e n , 
and t h e ampoule b u l b was s e a l e d and removed from t h e s t o p c o c k w i t h a t o r c h . 
The c e l l c o n s t a n t o f b o t h c e l l s I and I I were d e t e r m i n e d from t h e 
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measured c o n d u c t i v i t y of a 0 . 0 1 demal p o t a s s i u m c h l o r i d e s o l u t i o n . % J 
The c o n s t a n t s a r e 0 .00958 c m ' 1 + 0 . 0 0 0 1 f o r b o t h c e l l s . For a check on 
t h e e n t i r e a p p a r a t u s , t h e c o n d u c t a n c e s of aqueous a c e t i c a c i d s o l u t i o n s 
- 5 - 4 
were measured be tween 10 M and 10 M and found t o a g r e e w i t h i n 0 . 1 $ o f 
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t h e p u b l i s h e d d a t a . For t h e h i g h e r c o n c e n t r a t i o n s of h y d r i d e s , a c e l l 
h a v i n g a c o n s t a n t of 1 .123 cm 1 + 0 .002 was employed . 
P r e p a r a t i o n of S o l u t i o n s of t h e Complex Me ta l H y d r i d e s 
C o n c e n t r a t e d s o l u t i o n s of LiAlH^, NaAlH^ and LiBH^ i n THF and of 
LiAlH^ and LiBH^ i n d i e t h y l e t h e r were p r e p a r e d from c o m m e r c i a l l y a v a i l a b l e 
h y d r i d e s and f r e s h l y d i s t i l l e d s o l v e n t by s t i r r i n g a t 25°C f o r t h r e e d a y s . 
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The s o l u t i o n s were f i l t e r e d i n a r e c i r c u l a t i n g d r y box ' t o remove t h e 
e x c e s s s o l i d s t o g i v e c l e a r , c o l o r l e s s s o l u t i o n s . The e l e m e n t a l r a t i o s 
( + 1 . 0 $ ) f o r t h e THF s o l u t i o n s of LiAlH^, NaAlH^ and LiBH^ were r e s p e c ­
t i v e l y ! L i / A l / H = 1 . 0 / 1 . 0 / 4 . 0 , 1 . 0 / 1 . 0 / 4 . 0 , L i / H - 1 . 0 / 4 . 0 . The 
e l e m e n t a l r a t i o s (+ 1 .0$) f o r t h e d i e t h y l e t h e r s o l u t i o n s o f LiAlH^ and 
10 
LiBH^ were r e s p e c t i v e l y ! L i / A l / H - 1 . 0 / 1 . 0 / 4 . 0 , L i / H - 1 . 0 / 4 . 0 . 
A l l t h e a l k o x y d e r i v a t i v e s were p r e p a r e d a c c o r d i n g t o t h e p r o c e -
d u r e of Brown and c o w o r k e r s . The p r e p a r a t i o n o f LiAl(0GH^)H^ i n THF 
i l l u s t r a t e s t h e p r e p a r a t i v e scheme. To a 250 ml f l a s k t h a t was f lamed 
and a l l o w e d t o c o o l u n d e r n i t r o g e n was added 1 5 0 . 0 m i l l i m o l e o f LiAlH^ 
( 1 5 0 . 0 ml o f 1 .0 M LiAlH^) v i a c a l i b r a t e d s y r i n g e . The s o l u t i o n was c o o l e d 
i n a n i c e b a t h , and s t i r r i n g was a c c o m p l i s h e d by means of a m a g n e t i c s t i r ­
r i n g b a r . Through a two way s t o p c o c k , 150 m i l l i m o l e s o f m e t h a n o l ( 4 . 8 0 g , 
6 . 0 ml) was added d r o p w i s e t o t h e f l a s k v i a a c a l i b r a t e d s y r i n g e . The 
e v o l u t i o n o f g a s c e a s e d q u i c k l y upon a d d i t i o n o f t h e a l c o h o l . The c o n ­
c e n t r a t i o n o f t h e s o l u t i o n was t h e n d e t e r m i n e d . 
I n g e n e r a l , t h e a l k o x y d e r i v a t i v e s were p r e p a r e d i n THF by t h e 
a d d i t i o n o f p r e c i s e s t o i c h i o m e t r i c amounts of a l c o h o l o r k e t o n e t o a known 
q u a n t i t y of h y d r i d e a t 0°C. The r e a c t i o n i s e s s e n t i a l l y q u a n t i t a t i v e , 
s i n c e no u n r e a c t e d a l c o h o l o r k e t o n e was d e t e c t e d i n t h e d i s t i l l a t e from 
t h e s e h y d r i d e s o l u t i o n s by e i t h e r IR o r GLC. A l l o f t h e a l k o x y d e r i ­
v a t i v e s gave c o l o r l e s s s o l u t i o n s i n THF w i t h o u t t h e f o r m a t i o n of a p r e c i ­
p i t a t e e x c e p t LiAl(0CH^)^H, which unde rwen t d i s p r o p o r t i o n a t i o n s l o w l y 
a c c o r d i n g t o t h e f o l l o w i n g e q u a t i o n i 
2 L i A l ( 0 C H 3 ) 3 H t = } L i A l ( 0 C H 3 ) 2 H 2 + L i A l C O C H ^ 
A s o l u t i o n of LiAl(0CH )^H ( l . O M) r e m a i n e d c l e a r f o r a p p r o x i m a t e l y 24 
h o u r s a t 25°C. Then a w h i t e s o l i d p r e c i p i t a t e d h a v i n g low h y d r i d i c 
a c t i v i t y (H/Al « 0 . 2 9 ) » w h i l e t h e s o l u t i o n s t i l l r e t a i n e d a h i g h d e g r e e 
of h y d r i d i c a c t i v i t y (H/Al « 1 . 8 8 ) . T y p i c a l a n a l y s e s f o r t h e a l k o x y 
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d e r i v a t i v e s o f LiAlH^ a r e p r e s e n t e d i n T a b l e 1 . 
The p r e p a r a t i o n of t h e a l k o x y d e r i v a t i v e s of LiBH^ i n THF r e q u i r e d 
l o n g e r r e a c t i o n t i m e s . L i B ( 0 - t B u ) H ^ and L i B ( 0 - t B u ) ^ H were p r e p a r e d a t 
r e f l u x t e m p e r a t u r e a f t e r 6 d a y s and 4 3 d a y s , r e s p e c t i v e l y . The o t h e r 
a l k o x y d e r i v a t i v e s were p r e p a r e d a t 25°C . As found w i t h LiAl(OGH^)^H. 
LiB(OGH^)^H underwen t d i s p r o p o r t i o n a t i o n t o L iB(OCH^) 2 H 2 ( s o l u t i o n H/Li * 
2 . 5 ) and LiB(OGH-), ( s o l i d = 0 . 1 2 ) a f t e r t e n h o u r s a t 25°G ( l . O M). 
T y p i c a l a n a l y s e s f o r t h e a l k o x y d e r i v a t i v e s of LiBH^ a r e p r e s e n t e d i n 
T a b l e 2 . 
The b e n z e n e and THF s o l u t i o n s of t e t r a b u t y l a m m o n i u m aluminum 
h y d r i d e (Bu^NAlH^) were p r e p a r e d a c c o r d i n g t o t h e method o f E h r l i c h and 
21 
c o w o r k e r s . To p r e p a r e t h e THF s o l u t i o n . 8 0 . 0 m i l l i m o l e s of NaAlH^ 
( 4 0 . 0 ml o f 0 . 4 0 0 M) i n THF was added t o 8 0 . 0 m i l l i m o l e s o f t e t r a b u t y l ­
ammonium bromide ( 6 . 4 4 g ) i n THF. A p r e c i p i t a t e formed s l o w l y w h i l e t h e 
s o l u t i o n was s t i r r e d a t 25°C f o r t h r e e d a y s . The s o l i d was f i l t e r e d w i t h 
d i f f i c u l t y i n a d r y box g i v i n g a c o l o r l e s s s o l u t i o n which c o n t a i n e d l e s s 
t h a n 0 , 5 $ b r o m i d e . To p r e p a r e t h e benzene s o l u t i o n , 4 0 . 0 m i l l i m o l e s o f 
NaAlH^ ( 8 0 . 0 ml of 0 . 500 M) i n THF was p l a c e d i n a 250 ml f l a s k . The 
THF was removed u n d e r vacuum, and a b e n z e n e s o l u t i o n of Bu^NBr ( 2 0 . 0 m i l l i -
m o l e , 6 . 4 4 g ) was a d d e d . The m i x t u r e was s t i r r e d a t 25°C f o r 5 d a y s , and 
NaBr and e x c e s s NaAlH^ were t h e n removed by f i l t r a t i o n . The bromide 
c o n t e n t o f t h e s o l u t i o n was no t d e t e c t i b l e a s d e t e r m i n e d by Vo lha rd t i t r a ­
t i o n . 
The c o n c e n t r a t i o n o f t h e s e s t o c k s o l u t i o n s of h y d r i d e s was d e t e r ­
mined by a t l e a s t two m e t h o d s . L i t h i u m and sodium were d e t e r m i n e d by 
12 
f lame p h o t o m e t r y , aluminum was d e t e r m i n e d by EDTA t i t r a t i o n , and a c t i v e 
h y d r i d e was d e t e r m i n e d by m e a s u r i n g e v o l v e d h y d r o g e n from a h y d r o l y z e d 
s a m p l e . Bromide was d e t e r m i n e d by t h e Vo lha rd me thod . 
E b u l l i o s c o p i c Measuremen t s 
A d e t a i l e d d e s c r i p t i o n o f t h e a p p a r a t u s and p r o c e d u r e f o r t h e 
e b u l l i o s c o p i c d e t e r m i n a t i o n of a p p a r e n t m o l e c u l a r w e i g h t s i s d e s c r i b e d 
e l s e w h e r e . 2 - ^ The measu remen t s were pe r fo rmed i n THF and d i e t h y l e t h e r 
a t a p r e s s u r e of 7^0 mm Hg. 
S p e c t r a l Measurements 
A V a r i a n Model A-60A, 60 MHz, N u c l e a r M a g n e t i c Resonance s p e c t r o ­
m e t e r was u s e d f o r r e c o r d i n g a l l NMR s p e c t r a . T e t r a m e t h y l s i l a n e was used 
a s a n i n t e r n a l s t a n d a r d f o r a l l m e a s u r e m e n t s . F r e q u e n c i e s were measured 
by t h e s i d e band t e c h n i q u e w i t h a H e w l e t t - P a c k a r d (Model 2000 D) o s c i l l a t o r 
and f r e q u e n c y c o u n t e r (Model 5512 A ) , and were r e p r o d u c i b l e t o w i t h i n 
+ 0 . 2 Hz. S o l u t i o n s were p r e p a r e d i n t h e d r y box o r on t h e bench t o p 
20 
u s i n g S c h l e n k - t y p e t e c h n i q u e s , and s p e c t r a were r u n i m m e d i a t e l y a f t e r 
p r e p a r a t i o n of t h e s o l u t i o n s . 
A P e r k i n - E l m e r Model 621 i n f r a r e d s p e c t r o m e t e r o r a Beckman I R- 12 
s p e c t r o m e t e r was u s e d f o r r e c o r d i n g t h e i n f r a r e d s p e c t r a . Sodium c h l o r i d e 
( 0 , 1 mm) c e l l s and p o t a s s i u m bromide ( 0 . 5 mm) matched c e l l s were u s e d . 
The t r a n s f e r of s o l u t i o n s was a c c o m p l i s h e d on t h e bench t o p u s i n g S c h l e n k -
20 
t y p e t e c h n i q u e s , and t h e s p e c t r a were r e c o r d e d i m m e d i a t e l y a f t e r t h e 
p r e p a r a t i o n of t h e s o l u t i o n s . 
C a l c u l a t i o n s 
A l l p e r t i n e n t c a l c u l a t i o n s were pe r fo rmed on t h e RCA S p e c t r a - 7 0 
13 
Computer a t G e o r g i a S t a t e U n i v e r s i t y . S e v e r a l computer p rog rams - w r i t t e n 
i n t h e b a s i c compute r l a n g u a g e a r e p r e s e n t e d i n t h e A p p e n d i x . 
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CHAPTER I I I 
RESULTS 
Conduc t ance 
The e q u i v a l e n t c o n d u c t a n c e s f o r THF s o l u t i o n s o f L iAlH^, NaAlH^, 
Bu^NaAlH^, and LiBH^ a r e p r e s e n t e d i n T a b l e s 3 - 8 . When f r e e i o n s a r e 
24* 
p r e s e n t i n e q u i l i b r i u m w i t h i o n p a i r s and t r i p l e i o n s , F u o s s h a s shown 
t h a t t h e e q u i v a l e n t c o n d u c t a n c e o f t h e s o l u t i o n i s a d e q u a t e l y r e p r e s e n t e d 
by e q . 1 o r 2 where K i s t h e i o n p a i r d i s s o c i a t i o n c o n s t a n t , - A .
 0 i s t h e 
a 
^ V = v Y o / C y : ) * + A D c * / K t ( K a ) * ( 1 ) 
_1 1. 
T V * AC 2 + BC 2 ( 2 ) 
l i m i t i n g e q u i v a l e n t c o n d u c t a n c e , A 0 i s t h e l i m i t i n g e q u i v a l e n t c o n d u c ­
t a n c e o f t h e t r i p l e i o n , C i s t h e c o n c e n t r a t i o n o f t h e s o l u t e , and i s 
t h e t r i p l e i o n d i s s o c i a t i o n c o n s t a n t . C o n s e q u e n t l y , a p l o t o f l o g T V 
v s . l o g C s h o u l d be l i n e a r w i t h a s l o p e o f - 0 . 5 i f o n l y i o n p a i r s a r e 
p r e s e n t i n t h e d i l u t e s o l u t i o n r e g i o n . The p l o t s a r e p r e s e n t e d i n F i g u r e 2 . 
F o r e a c h h y d r i d e s t u d i e d a c o n c e n t r a t i o n r a n g e was found f o r which a p l o t 
o f l o g T V v s . l o g C was l i n e a r w i t h a s l o p e o f a p p r o x i m a t e l y - 0 . 5 ( 5 x 
- 4 - 7 \ 
10 M t o 2 x 10 M), The F u o s s c o n d u c t a n c e e q u a t i o n 3, which d e s c r i b e s 
* 
The d e t a i l e d d e r i v a t i o n o f a l l t h e p e r t i n e n t F u o s s e q u a t i o n s a r e p r e s e n t e d 
i n t h e A p p e n d i x , t o g e t h e r w i t h t h e r e s p e c t i v e compu te r p rog rams r e q u i r e d 
f o r t h e c a l c u l a t i o n s . 
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F /_ /V « i / 7 V o + c 7 V F K a A . o ( 3 ) 
t h e e q u i v a l e n t c o n d u c t a n c e o f i o n i c s o l u t i o n s when o n l y i o n p a i r s and 
f r e e i o n s a r e p r e s e n t , was a p p l i e d t o t h e d a t a . The v a l u e s o f t h e d e n s i t y , 
v i s c o s i t y and d i e l e c t r i c c o n s t a n t s f o r THF needed t o a p p l y t h e F u o s s e q u a -
25 
t i o n s t o t h e d a t a were o b t a i n e d from t h e work o f Hogen-Esch and Smid. 
An i n i t i a l a p p r o x i m a t i o n of , A . 0 was made and an i t e r a t i v e p r o c e d u r e was 
employed t o g i v e t h e b e s t l e a s t s q u a r e s f i t o f t h e d a t a t o e q . Jt The 
v a l u e s o b t a i n e d i n t h e l a s t i t e r a t i o n a r e p l o t t e d i n F i g u r e 3i a s F/V\_ 
v e r s u s C «A_ y + / F . From t h e i n t e r c e p t and s l o p e d e t e r m i n e d from t h e l e a s t 
s q u a r e s c a l c u l a t i o n , t h e i n f i n i t e d i l u t i o n e q u i v a l e n t c o n d u c t a n c e ( _ A _ C ) 
and i o n p a i r d i s s o c i a t i o n c o n s t a n t (K ) a r e e v a l u a t e d . The
 0
 a n d K 
a a 
v a l u e s e x t r a c t e d i n t h i s manner from t h e c o n d u c t a n c e d a t a a r e t a b u l a t e d i n 
T a b l e 9» C o n s i d e r a b l e u n c e r t a i n t y e x i s t s f o r t h e i n t e r c e p t s , and t h e 
26 
and K v a l u e s a r e t h e r e f o r e u n c e r t a i n by a t l e a s t + 1 0 $ . However, Szwarz 
a 
A + + + 
and c o w o r k e r s have shown t h a t t h e - / v
 0 v a l u e s f o r t h e L i , Na , and Bu^N 
i o n s a r e a p p r o x i m a t e l y i d e n t i c a l i n THF, C o n s e q u e n t l y t h e - / V
 0 v a l u e s f o r 
t h e complex m e t a l h y d r i d e s s t u d i e d h e r e s h o u l d be a p p r o x i m a t e l y t h e same. 
S i n c e t h i s i s o b s e r v e d , t h e s e r e s u l t s a r e c o n s i s t e n t w i t h p r e v i o u s i n v e s ­
t i g a t i o n s . 
When t h e p l o t s of l o g - A . v e r s u s l o g C a r e no l o n g e r l i n e a r , 
24 
h i g h e r a g g r e g a t e s , such a s t h e t r i p l e i o n , p r o b a b l y b e g i n t o fo rm. F u o s s 
h a s d e v e l o p e d e q u a t i o n ( 4 ) t o d e s c r i b e t h e e q u i v a l e n t c o n d u c t a n c e of 
i o n i c s o l u t i o n s when t r i p l e i o n s and i o n p a i r s a r e e n c o u n t e r e d . 
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W c *
 6 ( c ) = J \ . 0 K a + ( A ^ i c J / k ) ( i - y \ . / A j c W 
The t r i p l e i o n d i s s o c i a t i o n c o n s t a n t , K^, c a n be e s t i m a t e d from t h i s 
e q u a t i o n . The d a t a f o r e a c h h y d r i d e s t u d i e d h a s been f i t t e d t o e q u a t i o n 
( 4 ) i n t h e c o n c e n t r a t i o n r a n g e , 2 x 1 0 " M t o 6 x 10 M, where b o t h 
t r i p l e i o n s and i o n p a i r s a r e e n c o u n t e r e d . A p l o t of - A j 3 2 g ( c ) v s . 
( 1 - 7 V / 7 V o ) C f o r LiAlH^, NaAlH^, Bu^NAlH^ and LiBH^ i s p r e s e n t e d i n 
F i g u r e 4 . S i n c e t h e p l o t s a r e l i n e a r w i t h a c o r r e l a t i o n c o e f f i c i e n t o f a t 
l e a s t 0 .99» i t a p p e a r s t h a t e q . k a d e q u a t e l y d e s c r i b e s t h e d a t a and t h a t 
t r i p l e i o n s a r e fo rming i n t h e s o l u t i o n s of a l l t h e h y d r i d e s s t u d i e d . I n 
o r d e r t o c a l c u l a t e K from t h e s l o p e a v a l u e of t h e i n f i n i t e d i l u t i o n 
e q u i v a l e n t c o n d u c t a n c e ( A Q ) o f t h e t r i p l e i o n i s r e q u i r e d . An a p p r o x i m a t e 
v a l u e f o r t h i s q u a n t i t y i s t a k e n t o be 1 /3 of - / V 0 b e c a u s e t h e t r i p l e 
i o n i s a c l u s t e r o f f r e e i o n s . The v a l u e s a r e a l s o p r e s e n t e d i n T a b l e 
9 . A minimum i s o b s e r v e d i n t h e e q u i v a l e n t c o n d u c t a n c e c u r v e s f o r t h e s e 
h y d r i d e s . Above t h e minimum t h e d a t a show a p o s i t i v e d e v i a t i o n from e q . 4 . 
As t h e c o n c e n t r a t i o n i s i n c r e a s e d , t h e c o n d u c t a n c e v a l u e f o r t h e s e h y d r i d e s 
i n c r e a s e s t o a maximum a t a p p r o x i m a t e l y one m o l a r . 
T e m p e r a t u r e d e p e n d e n t s t u d i e s were pe r fo rmed on a s e p a r a t e s e t o f 
LiAlH^ and NaAlH^ s o l u t i o n s be tween 25°C and -75°C ( T a b l e s 1 0 - 1 2 ) . 
The F u o s s e q u a t i o n s were a p p l i e d t o t h e d a t a t o o b t a i n a c o n s i s t e n t s e t of 
K v a l u e s a t e a c h t e m p e r a t u r e . A p l o t o f l o g K v e r s u s l / T f o r b o t h 
a a 
h y d r i d e s i s shown i n F i g u r e 5» A l i n e a r p l o t i s o b s e r v e d f o r LiAlH^ and 
t h e e n t h a l p y o f d i s s o c i a t i o n i s e s t i m a t e d t o be - 2 , 2 k c a l / m o l e (+ 0 . 5 ) . 
I n t h e p l o t f o r NaAlH^ c o n s i d e r a b l e c u r v a t u r e i s o b s e r v e d , b u t t h e c u r v e 
17 
c a n be r e s o l v e d i n t o two component l i n e s g i v i n g A H° v a l u e s o f - 0 . 6 and 
- 5 . 6 k c a l / m o l e (+ 0 . 5 ) r e s p e c t i v e l y . 
The e q u i v a l e n t c o n d u c t a n c e s f o r LiAl(0CH^)^H and L i A l ( 0 t - B u ) 3 H 
i n THF a r e p r e s e n t e d i n T a b l e s 1 3 - 1 4 . The e q u i v a l e n t c o n d u c t a n c e f o r 
t h e s e h y d r i d e s i s i n d e p e n d e n t of t h e c o n c e n t r a t i o n o v e r a wide c o n c e n t r a ­
t i o n r a n g e , i n c o n t r a s t t o t h e h y d r i d e s p r e v i o u s l y d i s c u s s e d . The e q u i ­
v a l e n t c o n d u c t a n c e f o r a 0 . 1 M s o l u t i o n of L i A l ( 0 C H ^ ) y i i n THF i s a p p r o ­
x i m a t e l y t h e same a s a 0 , 1 M s o l u t i o n o f LiAlH^ i n t h e same s o l v e n t , 
w h i l e t h e e q u i v a l e n t c o n d u c t a n c e of a 0 , 1 M s o l u t i o n o f L i A l ( 0 t - B u ) y i 
i n THF i s a p p r o x i m a t e l y t h e same a s a 0 . 1 M s o l u t i o n of LiBH^ i n t h e same 
s o l v e n t . The e q u i v a l e n t c o n d u c t a n c e s o f d i e t h y l e t h e r s o l u t i o n s o f LiAlH^ 
and LiBH^ ( T a b l e 15) a r e e x t r e m e l y s m a l l and c o n c e n t r a t i o n i n d e p e n d e n t . 
E b u l l i o s c o p i c 
The a p p a r e n t m o l e c u l a r w e i g h t s of t h e complex m e t a l h y d r i d e s were 
d e t e r m i n e d n e a r t h e b o i l i n g p o i n t o f t h e s o l v e n t be tween 0 , 0 5 m and 0 . 6 m. 
The c a l c u l a t e d i - v a l u e s d e f i n e d a s t h e r a t i o o f t h e e x p e r i m e n t a l l y d e t e r ­
mined m o l e c u l a r w e i g h t and t h e f o r m u l a w e i g h t a r e shown i n F i g u r e s 6 , 7 f 
and 8 a s a f u n c t i o n of c o n c e n t r a t i o n . 
The a s s o c i a t i o n c u r v e s f o r L iAlH^, NaAlH^ and LiBH^ a r e shown i n 
F i g u r e 6 . I n THF, b o t h LiAlH^ and NaAlH^ have i - v a l u e s o f 1 .0 i n d i l u t e 
s o l u t i o n , i n c r e a s i n g w i t h i n c r e a s i n g c o n c e n t r a t i o n t o a l i m i t i n g v a l u e o f 
1 . 8 . I n d i e t h y l e t h e r , LiAlH^ h a s s i g n i f i c a n t l y h i g h e r i - v a l u e s o v e r t h e 
same c o n c e n t r a t i o n r a n g e . NaAlH^ i s i n s o l u b l e i n d i e t h y l e t h e r and e b u l l 
i o s c o p i c d a t a c o u l d n o t be o b t a i n e d . The i - v a l u e s f o r LiBH^ i n THF a r e 
a p p r o x i m a t e l y c o n s t a n t a t 1 .5 o v e r t h e e n t i r e c o n c e n t r a t i o n r a n g e . I n 
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d i e t h y l e t h e r , t h e i - v a l u e s o f LiBH^ a r e h i g h e r a t a l l c o n c e n t r a t i o n s , 
i n c r e a s i n g from 1.7 i n d i l u t e s o l u t i o n t o 2 . 3 a t t h e h i g h e s t c o n c e n t r a ­
t i o n s . 
At 0 . 0 5 m a n i - v a l u e o f a p p r o x i m a t e l y 1 .0 i s p r e d i c t e d from t h e 
c o n d u c t a n c e d a t a f o r LiAlH^ and NaAlH^ i n THF, which i s i n good a g r e e m e n t 
w i t h what i s f o u n d . At t h e h i g h e r c o n c e n t r a t i o n s t h e c o n d u c t a n c e d a t a 
i n d i c a t e t h a t t h e t r i p l e i o n s a r e t h e p r e d o m i n a n t s p e c i e s i n s o l u t i o n , i . e . 
t h e i - v a l u e s h o u l d a p p r o a c h a l i m i t i n g v a l u e of 1 . 5 . F o r LiBH^ i n THF t h e 
c o n d u c t a n c e d a t a show t h a t t h i s h y d r i d e i s c o n s i d e r a b l y more a s s o c i a t e d 
t h a n e i t h e r LiAlH^ o r NaAlH^ a t 0 . 0 5 m, and t h e c a l c u l a t e d i - v a l u e from 
c o n d u c t a n c e d a t a i s a p p r o x i m a t e l y 1 .4 a t 0 . 0 5 m. S i n c e t h e c o n d u c t a n c e 
and e b u l l i o s c o p i c d a t a a r e c o n s i s t e n t a t 0 . 0 5 m, i t i s u n l i k e l y t h a t any 
s p e c i e s o t h e r t h a n i o n p a i r s and t r i p l e i o n s a r e p r e s e n t i n t h i s c o n c e n t r a ­
t i o n r a n g e . However , a c t i v i t y c o e f f i c i e n t s have been t a k e n i n t o a c c o u n t 
o n l y i n t h e c o n d u c t a n c e d a t a c a l c u l a t i o n s and p r e d i c t e d i - v a l u e s . S i n c e 
i t i s i m p o s s i b l e a t t h i s t i m e t o c o r r e c t t h e e b u l l i o s c o p i c d a t a f o r 
a c t i v i t y c o e f f i c i e n t s , l a r g e r a g g r e g a t e s c a n n o t be c o m p l e t e l y r u l e d o u t a s 
p o s s i b i l i t i e s a t h i g h e r c o n c e n t r a t i o n s . 
LiAl(0GH^)H^ i n THF h a s an a s s o c i a t i o n c u r v e which i s a l m o s t 
i d e n t i c a l t o t h a t found f o r L i A l H . . L i A l ( 0 t - B u ) H . and L i A l ( 0 C H P h j H o 
have i d e n t i c a l a s s o c i a t i o n c u r v e s w i t h i - v a l u e s v a r y i n g from 1.0 t o 1 . 3 . 
The t r i s u b s t i t u t e d d e r i v a t i v e s , L i A l ( 0 t - B u ) ^ H and L iAl (0GHPh 2 )^H, have a 
c o n s t a n t i - v a l u e o f 1 .0 from 0 . 0 5 t o 0 . 4 m showing o n l y a s l i g h t d e c r e a s e 
a t t h e h i g h e r c o n c e n t r a t i o n s . The a s s o c i a t i o n c u r v e s f o r L i A l ( 0 C H ^ ) 2 H 2 
and LiAl(0CH ) H a r e s u b s t a n t i a l l y d i f f e r e n t t h a n t h e c u r v e s found f o r 
1 Q 
t h e o t h e r h y d r i d e s shown i n F i g u r e 7 and 8 . At t h e most d i l u t e c o n c e n ­
t r a t i o n s , t h e i - v a l u e s a r e 1.0 and 1 .5 r e s p e c t i v e l y , r i s i n g s h a r p l y t o 
2 . 5 and 2 . 8 a t t h e h i g h e r c o n c e n t r a t i o n s . 
The a s s o c i a t i o n c u r v e s f o r t h e c o r r e s p o n d i n g a l k o x y d e r i v a t i v e s 
of LiBH^ i n THF a r e p r e s e n t e d i n F i g u r e 3 . The methoxy d e r i v a t i v e s of 
LiBH^ e x h i b i t a s s o c i a t i o n c u r v e s which a r e s i m i l a r t o t h o s e found f o r t h e 
methoxy d e r i v a t i v e s of L iAlH^. F o r t h e r e m a i n i n g d e r i v a t i v e s of LiBH^, 
t h e i - v a l u e s a r e a l l below 1.0 and a l m o s t c o n s t a n t i n t h e c o n c e n t r a t i o n 
r a n g e s t u d i e d . 
A l l t h e a l k o x y d e r i v a t i v e s of LiAlH^ and LiBH^ a r e i n s o l u b l e i n 
d i e t h y l e t h e r , and e b u l l i o s c o p i c d a t a c o u l d n o t be o b t a i n e d . 
NMR S t u d i e s 
The c h e m i c a l s h i f t o f t h e © ( - m e t h y l e n e h y d r o g e n s of THF was m o n i -
t e r e d a s a f u n c t i o n of t h e mole r a t i o o f THF t o l i t h i u m s a l t d i s s o l v e d i n 
d i e t h y l e t h e r ( F i g u r e 9 ) . I n t h e a b s e n c e of s a l t , t h e c h e m i c a l s h i f t o f 
THF r ema ined c o n s t a n t a t 2 1 8 . 5 Hz o v e r t h e r a n g e of c o n c e n t r a t i o n of THF 
used i n t h i s s t u d y . I n t h e p r e s e n c e of 0 . 3 M LiAlH^ a change i n t h e 
c h e m i c a l s h i f t o f THF was o b s e r v e d , w h i l e t h e c h e m i c a l s h i f t s of t h e d i ­
e t h y l e t h e r h y d r o g e n s r ema ined c o n s t a n t , The c h e m i c a l s h i f t d e c r e a s e d a s 
t h e mcla r a t i o of s a l t I n c r e a s e d , u n t i l t h e c h e m i c a l s h i f t a p p r o a c h e d t h a t 
v a l u e found i n p u r e THF. At a mole r a t i o of THF t o LiAlH^ of 4 : 1 , a 
change i n t h e s l o p e was o b s e r v e d , i n d i c a t i n g t h e e x i s t e n c e of a s t a b l e 
f o u r - c o o r d i n a t e d s p e c i e s , i . e . , LiAlH^*4THF. A s i m i l a r r e s u l t was 
o b t a i n e d f o r l i t h i u m p e r c h l o r a t e and l i t h i u m i o d i d e . However, t h e t e t r a -
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butylammonium aluminum h y d r i d e d i d no t c a u s e t h e c h e m i c a l s h i f t of t h e 
C?<-methylene h y d r o g e n s t o change i n t h i s c o n c e n t r a t i o n r e g i o n . Con­
s e q u e n t l y t h e change o b s e r v e d f o r LiAlH^ must be a t t r i b u t e d t o t h e l i t h i u m 
i o n e x c l u s i v e l y . The most r e a s o n a b l e e x p l a n a t i o n f o r t h e s e r e s u l t s i s t o 
view t h e l i t h i u m i o n i n THF a s s p e c i f i c a l l y s o l v a t e d by f o u r m o l e c u l e s of 
THF. NaAlH^ d o e s no t have a n a p p r e c i a b l e s o l u b i l i t y i n d i e t h y l e t h e r ; i t 
was t h u s n o t p o s s i b l e t o pe r fo rm c o r r e s p o n d i n g e x p e r i m e n t s on o t h e r sodium 
s a l t s . P r e v i o u s w o r k e r s have pe r fo rmed s i m i l a r e x p e r i m e n t s w i t h l i t h i u m 
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s a l t s i n a c e t o n e - n i t r o m e t h a n e m i x t u r e s , d i m e t h y l f o r m a m i d e - d i o x a n e 
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m i x t u r e s , and 2 - p y r r o l i d o n e - d i o x a n e m i x t u r e s . I n e a c h c a s e t h e c a r b o n y l 
oxygen formed a f o u r - t o - o n e s o l v a t e w i t h t h e l i t h i u m i o n . A p p a r e n t l y 
f o u r l i g a n d s a r e t h e maximum number which can be p l a c e d i n t h e f i r s t c o ­
o r d i n a t i o n s p h e r e of t h e l i t h i u m i o n . 
A s i m i l a r e x p e r i m e n t f o r LiBH^ i n T H F - d i e t h y l e t h e r m i x t u r e s d o e s 
no t show a b r e a k a t a mole r a t i o of THF t o l i t h i u m of 4 i l a s was found 
w i t h L iAlH^, b u t shows a p l a t e a u a t a mole r a t i o of 111 w i t h a g r a d u a l 
change i n c h e m i c a l s h i f t t h e r e a f t e r . A p p a r e n t l y t h e r e i s l e s s s p e c i f i c 
s o l v a t i o n of t h e l i t h i u m i o n by THF. T h i s i s c o n s i s t e n t w i t h t h e low 
c o n d u c t a n c e and h i g h e r a s s o c i a t i o n v a l u e s found f o r LiBH^ i n THF. 
The NMR s p e c t r a of 0 . 1 M and 1.0 M THF and d i e t h y l e t h e r s o l u t i o n s 
of LiAlH^ were r e c o r d e d 1000 Hz u p f i e l d and d o w n f i e l d from TMS. No 
s i g n a l s which c o u l d be a t t r i b u t e d t o t h e h y d r o g e n s were f o u n d . The NMR 
s p e c t r u m of LiAlH^ i n c o m p l e t e l y d e u t e r a t e d (THF-dg) s o l v e n t was a l s o 
r e c o r d e d , b u t no h y d r o g e n s i g n a l was found . S i n c e t h e aluminum h a s a 
s p i n of 5 / 2 , t h e e x p e c t e d s e x t e t i s a p p a r e n t l y l o s t i n i n s t r u m e n t n o i s e 
b e c a u s e of e x t e n s i v e b r o a d e n i n g due t o t h e n u c l e a r q u a d r u p o l e moment of 
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a luminum. An e x t r e m e l y "broad a luminum-2? s i g n a l (420 Hz) i s r e p o r t e d 
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by H a r a g u c h i and F u j i w a r a f o r LiAlH^ i n d i e t h y l e t h e r . The b r o a d e n ­
i n g of t h e s i g n a l i s a l s o a t t r i b u t e d t o u n r e s o l v e d h y p e r f i n e s p l i t t i n g 
which i s p roduced by t h e f o u r p r o t o n s bonded d i r e c t l y t o t h e m e t a l . 
S p e c t r a l 
New a b s o r p t i o n bands a p p e a r i n t h e i n f r a r e d s p e c t r a of 0 . 1 M THF 
s o l u t i o n s of L i C l O ^ , L i l , L iBr and LiAlH^ n e a r 420 c m " 1 , which a r e no t 
p r e s e n t i n p u r e THF. These s p e c t r a a r e shown i n F i g u r e 1 0 . Two c l o s e l y 
spaced a b s o r p t i o n s a r e e v i d e n t f o r L i C l O ^ , L i l and L i B r n e a r 420 cm 1 . 
LiAlH / + h a s a much b r o a d e r a b s o r p t i o n i n t h i s r e g i o n w i t h t h r e e p e a k s 
c l e a r l y e v i d e n t . The most i n t e n s e band o c c u r s a t 450 cm 1 f o r L iAlH^, 
- 1 30 b u t t h e two b a n d s n e a r 420 cm a r e a l s o p r e s e n t . P r e v i o u s w o r k e r s 
have found s i m i l a r b a n d s f o r L i l , L i B r , and L i C l i n THF a t 373 c m " 1 , 
378 c m " 1 , and 387 cm 1 , r e s p e c t i v e l y , which have b e e n a t t r i b u t e d t o t h e 
v i b r a t i o n o f t h e l i t h i u m i o n i n a s o l v e n t c a g e . The new b a n d s t h a t 
a p p e a r i n t h i s s t u d y c a n a l s o be a t t r i b u t e d t o a v i b r a t i o n of t h e l i t h i u m 
i o n a t t a c h e d t o t h e f o u r THF m o l e c u l e s t h a t a r e s p e c i f i c a l l y s o l v a t e d . 
These f i n d i n g s a r e c o n s i s t e n t w i t h t h e NMR r e s u l t s . Ext reme c a r e was 
t a k e n t o remove t r a c e q u a n t i t i e s of w a t e r and t h e c o n c e n t r a t i o n of t h e 
s a l t s a r e much l a r g e r t h a n t h e e s t i m a t e d c o n c e n t r a t i o n o f w a t e r ( 0 . 0 0 1 M) 
p r e s e n t i n f r e s h l y d i s t i l l e d THF. I n t h e c a s e o f L iAlH^ , i t i s u n l i k e l y 
t h a t any w a t e r i s p r e s e n t . Two of t h e bands found i n LiAlH^ a g r e e w e l l 
w i t h t h o s e f o r t h e o t h e r s a l t s . C o n s e q u e n t l y , i t i s p o s s i b l e t h a t t h e 
50 c m " 1 d i f f e r e n c e be tween t h e r e s u l t s shown i n F i g u r e 10 and t h e r e s u l t s 
o f t h e p r e v i o u s w o r k e r s i s p r i m a r i l y due t o t h e i r s o l u t i o n s c o n t a i n i n g 
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a p p r e c i a b l e q u a n t i t i e s of w a t e r . T h i s c o n c l u s i o n i s f u r t h e r s u b s t a n ­
t i a t e d by D a n t e l and Z e i l 3 1 who r e p o r t bands f o r LiAlH^ i n THF a t 426 
and 4 l 6 c m " 1 . The h i g h e r f r e q u e n c y band a t 450 c m " 1 o b s e r v e d o n l y f o r 
LiAlH^ i s p o s s i b l y d u e t o a n i n t e r a c t i o n o f t h e AlH^" i o n w i t h t h e oxygen 
o f one o f t h e THF s o l v a t e m o l e c u l e s . At 0 . 5 M t h e s p e c t r u m of LiAlH^ i n 
THF c o n s i s t s of two bands o f a p p r o x i m a t e l y e q u a l i n t e n s i t y a t 455 and 
440 c m " 1 w i t h a s h o u l d e r of d i m i n i s h e d i n t e n s i t y a t 420 c m " 1 . The c o n d u c ­
t a n c e and e b u l l i o s c o p i c r e s u l t s i n d i c a t e t h a t t h e p r e d o m i n a n t s p e c i e s 
p r e s e n t a t 0 . 1 M and 0 . 5 M c h a n g e s from i o n p a i r t o t r i p l e i o n . and i t i s 
n o t s u r p r i s i n g t h a t s p e c t r a l c h a n g e s accompany t h i s t r a n s f o r m a t i o n . 
I n c o n t r a s t t o t h e l i t h i u m s a l t s p r e v i o u s l y d i s c u s s e d , LiBH^ i n 
THF d o e s n o t show a w e l l d e f i n e d band n e a r 420 c m " 1 i n t h e i n f r a r e d r e ­
g i o n which c a n be a t t r i b u t e d t o t h e v i b r a t i o n of t h e l i t h i u m i o n i n a s o l ­
v e n t c a g e . T h i s i s c o n s i s t e n t w i t h l e s s s p e c i f i c s o l v a t i o n o f t h e l i t h ­
ium i o n i n THF s o l u t i o n of LiBH^ which i s i n d i c a t e d by t h e NMR mole r a t i o 
s t u d i e s , c o n d u c t a n c e and e b u l l i o s c o p i c s t u d i e s . 
S p e c t r a l s t u d i e s were a l s o pe r fo rmed on THF s o l u t i o n s c o n t a i n i n g 
L iClO^ and a c e t o n e a t s e v e r a l mole r a t i o s . As t h e r a t i o of l i t h i u m s a l t 
t o a c e t o n e i n c r e a s e d , t h e c a r b o n y l band of a c e t o n e s h i f t s t o l o w e r wave 
numbers ( F i g u r e 1 1 ) . At a mole r a t i o of 1 4 : 1 when t h e c o n c e n t r a t i o n of 
a c e t o n e i s 0 .02 M, t h e s h i f t r e a c h e s a maximum v a l u e of 7 c m " 1 . A s i m ­
i l a r r e s u l t i s o b s e r v e d f o r a c e t o n e i n d i e t h y l e t h e r ( F i g u r e 1 2 ) . A p p a r ­
e n t l y t h e e t h e r s o l v a t e m o l e c u l e s bonded t o t h e l i t h i u m i o n c a n be 
r e a d i l y r e p l a c e d i n t h e f i r s t c o o r d i n a t i o n s p h e r e by c a r b o n y l compounds. 
The o b s e r v e d band maxima found i n t h e i n f r a r e d s p e c t r a i n t h e 
a luminum-hydrogen s t r e t c h i n g and b e n d i n g v i b r a t i o n a l r e g i o n s f o r t h e 
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s e v e r a l o f t h e a l k o x y d e r i v a t i v e s o f LiAlH^ a r e p r e s e n t e d i n T a b l e 35 • 
A s h i f t i n t h e s t r e t c h i n g band maxima t o h i g h e r wave numbers (70 cm ^ ) 
i s o b s e r v e d f o r t h e mono- and t r i - t - b u t o x y d e r i v a t i v e s , w h i l e a s h i f t 
o f 110 c m " 1 i s o b s e r v e d f o r L i A l C O C H P h ^ H . The o t h e r d e r i v a t i v e s show 
a p p r o x i m a t e l y t h e same a b s o r p t i o n band a s LiAlH^ (1690 cm The b o r o n 
h y d r o g e n s t r e t c h i n g v i b r a t i o n a l maxima f o r s e v e r a l of t h e a l k o x y d e r i v a ­
t i v e s of LiBH^ a r e p r e s e n t e d i n T a b l e 3 6 . E x c e p t f o r L i B ( 0 t - B u ) ^ H 
which h a s an a b s o r p t i o n band a t 2260 cm \ a l l t h e o t h e r b o r o h y d r i d e s 
have a n a b s o r p t i o n band a t 2220 cm"" 1. 
F i g u r e 1 . Conduc tance C e l l s . 
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F i g u r e 12 S p e c t r a o f S o l u t i o n s o f A c e t o n e and LiClO^ i n D i e t h y l E t h e r . 
A, 0 .023 M A c e t o n e ; B, L iC lO^ :Ace tone = 2 : 1 ; C, L iC lO^ :Ace tone = 
6 : 1 ; D, L i ClO^-.Acetone = 1 0 : 1 . 
CHAPTER IV 
DISCUSSION AND CONCLUSIONS 
Complex m e t a l h y d r i d e s behave a s weak e l e c t r o l y t e s i n THF. 
The c o n d u c t a n c e d a t a f o r L iAlH^, NaAlH^, Bu^NAlH^ and LiBH^ i n THF a r e 
c o n s i s t e n t w i t h t h e p r e s e n c e of f r e e i o n s and i o n p a i r s i n d i l u t e s o l u t i o n , 
and t h e f o r m a t i o n of t r i p l e i o n s a s t h e c o n c e n t r a t i o n i s i n c r e a s e d . Two 
t y p e s of i o n p a i r s a r e p o s s i b l e s ( l ) s o l v e n t s e p a r a t e d i o n p a i r s i n which 
one of t h e i o n s i s c o m p l e t e l y s o l v a t e d by s o l v e n t , b u t t h e i o n s r e m a i n i n 
c l o s e p r o x i m i t y , and ( 2 ) c o n t a c t i o n p a i r s i n which a p o r t i o n o f t h e 
i n n e r s o l v a t i o n s p h e r e of t h e i o n s i s removed and t h e i o n s a r e i n i n t i m a t e 
c o n t a c t i n t h e i o n p a i r . I f s e v e r a l s p h e r e s o f s o l v a t i o n s e p a r a t e t h e i o n s , 
t h e n t h e i o n s a r e c o n s i d e r e d t o be f r e e i o n s . H i g h e r a g g r e g a t e s a r e a l s o 
p o s s i b l e . The t r i p l e i o n s a r e c l u s t e r s o f t h r e e i o n s , and two t y p e s a r e 
p o s s i b l e , e . g . , L i A l H ^ L i + 1 o r AlH^LiAlH^ I t i s p r o b a b l e t h a t t h e 
s p e c i f i c s o l v a t i o n i n t h e i o n p a i r and t r i p l e i o n a r e t h e same. Hence i f 
t h e s o l u t i o n c o n t a i n s s o l v e n t s e p a r a t e d i o n p a i r s , t h e t r i p l e i o n s s h o u l d 
a l s o be s o l v e n t s e p a r a t e d , w h e r e a s i f t h e s o l u t i o n c o n t a i n s b o t h s o l v e n t 
s e p a r a t e d and c o n t a c t i o n p a i r s , t h e t r i p l e i o n s s h o u l d be a m i x t u r e o f 
b o t h t y p e s . 
From t h e K and K, v a l u e s d e r i v e d from t h e c o n d u c t a n c e d a t a , t h e 
a t 
f r a c t i o n of e a c h s p e c i e s p r e s e n t a t a p a r t i c u l a r c o n c e n t r a t i o n c a n be c a l ­
c u l a t e d from t h e e q u i l i b r i u m e x p r e s s i o n s , t h e mass b a l a n c e r e q u i r e m e n t and 
t h e e x t e n d e d Debye-Htickel r e l a t i o n s h i p f o r t h e a c t i v i t y c o e f f i c i e n t s of 
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t h e i o n s . From t h e s e v a l u e s an i - v a l u e can be c a l c u l a t e d which a g r e e s 
w i t h i n e x p e r i m e n t a l e r r o r w i t h t h o s e found i n t h e e b u l l i o s c o p i c e x p e r ­
i m e n t s a t 0 . 0 5 M f o r LiAlH^ and LiBH^, e s t a b l i s h i n g t h a t t h e LiAlH^ i o n 
p a i r and t h e LiBH^ t r i p l e i o n a r e p r e d o m i n a n t s p e c i e s p r e s e n t i n s o l u t i o n 
a t t h i s c o n c e n t r a t i o n . Fo r c o n c e n t r a t i o n s g r e a t e r t h a n 0 . 0 5 M, t h e c a l ­
c u l a t i o n s b r e a k down. S i n c e t h e a s s o c i a t i o n c u r v e s f o r LiAlH^ and NaAlH^ 
r e a c h an i - v a l u e p l a t e a u a t a p p r o x i m a t e l y 1.5 and t h e a s s o c i a t i o n c u r v e 
f o r LiBH^ i s e s s e n t i a l l y c o n s t a n t a t 1.5* i t i s e v i d e n t t h e t r i p l e i o n 
i s t h e p r e d o m i n a n t s p e c i e s p r e s e n t i n s o l u t i o n a t t h e h i g h e r c o n c e n t r a ­
t i o n s . The f o r m a t i o n of t r i p l e i o n s i n t h e s e s y s t e m s i s t o be e x p e c t e d , 
37 
s i n c e i t i s w e l l e s t a b l i s h e d t h a t i n s o l v e n t s of d i e l e c t r i c c o n s t a n t 
l e s s t h a n 1 2 , t r i p l e i o n s u s u a l l y o c c u r . From t h e c o n d u c t a n c e d a t a i t i s 
I m p o s s i b l e t o d i s t i n g u i s h be tween t h e two p o s s i b l e t r i p l e i o n s , e . g . , 
[ L i A l H ^ L i ] * 1 and [ A l H ^ L i A l H ^ ] " 1 . The e b u l l i o s c o p i c d a t a i n d i c a t e , how­
e v e r , t h a t e q u a l amounts of b o t h t r i p l e i o n s a r e p r o b a b l y fo rmed . 
The s i m p l e s t model of an e l e c t r o l y t e s o l u t i o n a s sumes t h e i o n s 
t o be c h a r g e d s p h e r e s , w i t h r a d i i e q u a l t o t h a t found i n t h e c r y s t a l , 
d i s t r i b u t e d i n a s o l v e n t con t inuum c h a r a c t e r i z e d by t h e m a c r o s c o p i c 
24 
d i e l e c t r i c c o n s t a n t and v i s c o s i t y . U s i n g t h i s mode l , F u o s s d e m o n s t r a t e d 
t h a t t h e K f o r i o n p a i r s i s r e p r e s e n t e d by e q . 5 where D i s t h e m a c r o -
3* 
K = ( 3 0 0 0 / W 3 N ) e x p ( - e 2 / r D k T ) ( 5 ) 
s c o p i c d i e l e c t r i c c o n s t a n t , r i s t h e c e n t e r - t o - c e n t e r d i s t a n c e be tween 
t h e i o n s , and t h e r e m a i n i n g symbols have t h e i r u s u a l mean ing . U s i n g t h e 
38 
measured K v a l u e s and t h e d i e l e c t r i c c o n s t a n t a t 2 5 ° , e q . 5 was s o l v e d 
n u m e r i c a l l y t o g i v e a v a l u e f o r t h e c e n t e r - t o - c e n t e r d i s t a n c e be tween 
t h e i o n p a i r s . The c e n t e r - t o - c e n t e r d i s t a n c e s f o r e a c h i o n p a i r d e r i v e d 
from e q . 5 are p r e s e n t e d i n T a b l e 37» i n c o m p a r i s o n w i t h v a l u e s e s t i m a t e d 
from c r y s t a l l i g r a p h i c p a r a m e t e r s and t h e D r e i d i n g models p r o p o s e d f o r t h e 
i o n p a i r . I t was assumed t h a t t h e f o u r s o l v a t e THF m o l e c u l e s a r e t e t r a -
h e d r a l l y a r r a n g e d a round t h e l i t h i u m and sodium i o n s i n t h e mode l s and 
t h a t t h e Bu^N + i o n was no t s p e c i f i c a l l y s o l v a t e d . The c l o s e s t d i s t a n c e 
of a p p r o a c h o f t h e AlH^ i o n t o t h e s o l v a t e d l i t h i u m o r sodium i o n s was 
v i a a t t a c h m e n t of one o f t h e h y d r o g e n s t o an oxygen o f a THF m o l e c u l e . 
T h i s c o n c l u s i o n i s s u p p o r t e d by t h e a p p e a r a n c e o f a band i n t h e i n f r a r e d 
s p e c t r u m of LiAlH^ a t 450 c m " 1 , which d i d no t o c c u r i n t h e s p e c t r a of t h e 
o t h e r l i t h i u m s a l t s . For LiAlH^ t h i s model i s i n p e r f e c t a g r e e m e n t w i t h 
t h e c e n t e r - t o - c e n t e r d i s t a n c e d e r i v e d from t h e K& v i a e q , 5» I n NaAlH^, 
t h e v a l u e p r e d i c t e d by t h e model i s a l s o r e a s o n a b l y c l o s e . C o n s e q u e n t l y , 
t h e s e c o m p a r i s o n s s t r o n g l y s u g g e s t t h a t t h e i o n p a i r s a r e s o l v e n t s e p ­
a r a t e d a t 25°G, T h i s c o n c l u s i o n i s c o n s i s t e n t w i t h t h e MR s t u d i e s by 
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S c h a s c h e l and Day, J and t h e i n f r a r e d s p e c t r a l i n t e r p r e t a t i o n o f t h e 
new b a n d s i n t h e THF s o l u t i o n s . When t h e r a d i u s c a l c u l a t e d from t h e 
D r e i d i n g model of t h e i o n p a i r o f Bu^NAlH^ w i t h t h e two i o n s i n c l o s e 
p r o x i m i t y i s compared t o t h e v a l u e d e r i v e d from e q . 5» a n a l m o s t p e r f e c t 
a g r e e m e n t i s o b t a i n e d . The c e n t e r - t o - c e n t e r d i s t a n c e p r e d i c t e d from t h e 
c r y s t a l r a d i i i s a l s o v e r y c l o s e t o t h e v a l u e found f o r LiBH^ i n c l o s e 
p r o x i m i t y . I t i s e x p e c t e d t h a t t h e Bu^NAlH^ would e x i s t a s a c o n t a c t 
i o n p a i r i n THF s o l u t i o n , s i n c e no s p e c i f i c s o l v a t i o n i s o b s e r v e d i n t h e 
NMR s t u d i e s . However, s o l v a t i o n of t h e l i t h i u m i o n s h o u l d o c c u r f o r 
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LiBH^ a s w e l l a s L iAlH^. Some f o r c e s m u s t , t h e r e f o r e , e x i s t i n t h e 
c o n t a c t s p e c i e s o f LiBH^ t h a t compensa te f o r t h e l o s s of s o l v a t i o n 
e n e r g y of t h e l i t h i u m i o n . I t i s p o s s i b l e t h a t t h e LiBH^ i o n p a i r h a s 
a p p r e c i a b l e c o v a l e n t c h a r a c t e r , s i n c e t h e d i f f e r e n c e s o b s e r v e d f o r LiBH^ 
and LiAlH^ c a n n o t be due t o t h e s l i g h t change i n t h e s i z e of t h e a n i o n s . 
An a n a l y s i s o f t h e a v a i l a b l e the rmodynamic d a t a f o r t h e d i s s o c i a -
25 
t i o n of i o n p a i r s i n THF by Hogen-Esch and Smid ^ h a s e s t a b l i s h e d t h a t 
t h e e n t h a l p y of d i s s o c i a t i o n f o r t h e c o n t a c t i o n p a i r i s a p p r o x i m a t e l y - 8 
t o - 1 0 k c a l / m o l e f o r s a l t s t h a t a r e s p e c i f i c a l l y s o l v a t e d a t t h e c a t i o n . 
On t h e o t h e r h a n d , t h e e n t h a l p y of d i s s o c i a t i o n f o r a s o l v e n t s e p a r a t e d 
i o n p a i r s h o u l d be - 1 t o - 2 k c a l / m o l e . F u r t h e r m o r e , i f t h e r e i s l i t t l e 
change i n s p e c i f i c s o l v a t i o n of t h e i o n p a i r d u r i n g t h e d i s s o c i a t i o n 
p r o c e s s , t h e e n t h a l p y of d i s s o c i a t i o n (&H°) w i l l be r e p r e s e n t e d by 
e x p r e s s i o n ( 6 ) d e r i v e d from t h e con t inuum m o d e l . S i n c e d l n D / d l n T i s 
A H ° - ( N e 2 / r D ) [ l + d l n D / d l n T ] ( 6 ) 
c a l c u l a t e d from t h e t e m p e r a t u r e dependence of t h e d i e l e c t r i c c o n s t a n t t o 
be - 1 . 2 0 a t 25° , t h e A H ° p r e d i c t e d by t h e con t inuum model f o r LiAlH^ i s 
- 0 . 8 k c a l / m o l e . T h i s i s i n r e a s o n a b l e ag reemen t w i t h t h e o b s e r v e d v a l u e 
f o r t h e LiAlH^ s o l v e n t s e p a r a t e d i o n p a i r . 
On d i s s o c i a t i o n of t h e s o l v e n t s e p a r a t e d i o n p a i r , t h e s o l v a t e d 
i o n c a r r i e s i t s s o l v a t i o n s h e l l w i t h i t . Any s p e c i f i c s o l v a t i o n e n t h a l p y 
i s t h e r e f o r e s m a l l and t h e AH? v a l u e can be c a l c u l a t e d from e q . 6 , How-
d 
e v e r , t h e s l i g h t l y l a r g e r n e g a t i v e v a l u e o f AH° t h a t i s o b s e r v e d may be 
g e n u i n e and c o u l d be an i n d i c a t i o n t h a t a d d i t i o n a l s o l v a t i o n o c c u r s on 
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d i s s o c i a t i o n of t h e s o l v e n t s e p a r a t e d i o n p a i r . On d i s s o c i a t i o n o f t h e 
c o n t a c t i o n p a i r , a n i n c r e a s e i n t h e s p e c i f i c s o l v a t i o n must o c c u r e s ­
p e c i a l l y where s t r o n g s p e c i f i c s o l v a t i o n e f f e c t s a r e p r e s e n t . The l a r g e 
n e g a t i v e v a l u e f o r t h e e n t h a l p y of d i s s o c i a t i o n i s e x p e c t e d and i s t o a 
l a r g e e x t e n t c a u s e d by t h e s t r o n g g a i n i n s o l v a t i o n e n t h a l p y on f o r m a t i o n 
of t h e s o l v e n t s e p a r a t e d i o n p a i r from c o n t a c t i o n s . I n t h i s p r o c e s s , 
t h e s o l v a t i n g power o f t h e s o l v e n t r a t h e r t h a n i t s m a c r o s c o p i c d i e l e c t r i c 
c o n s t a n t i s o f p r ime i m p o r t a n c e . F u r t h e r m o r e , t h e i n c r e a s e i n e n t h a l p y 
may be d u e t o an i n c r e a s e i n t h e a v e r a g e number , b u t no t n e c e s s a r i l y 
i n t e g r a l number o f s o l v e n t m o l e c u l e s i n t h e s o l v a t i o n s p h e r e a b o u t t h e 
c a t i o n . 
S i n c e t h e p l o t o f l o g K v s . l / T i s n o t l i n e a r , i t i s n o t 
p o s s i b l e t o unambiguous ly d e r i v e an e n t h a l p y o f d i s s o c i a t i o n f o r t h e i o n 
p a i r of NaAlH^. The p ronounced c u r v a t u r e of t h i s p l o t c a n be i n t e r p r e t e d ' 
a s i n d i c a t i v e of t h e p r e s e n c e o f b o t h c o n t a c t and s o l v e n t s e p a r a t e d i o n 
p a i r s i n e q u i l i b r i u m w i t h f r e e i o n s . Between -30 and -70°G t h e p o i n t s 
can be f i t t e d t o a l e a s t s q u a r e s l i n e w i t h a s l o p e c o r r e s p o n d i n g t o a 
A H ° = - 0 . 6 k c a l / m o l e . T h i s v a l u e i s c o n s i s t e n t w i t h t h e p r e s e n c e of 
p r e d o m i n a n t l y s o l v e n t s e p a r a t e d i o n p a i r s . As t h e t e m p e r a t u r e i s i n ­
c r e a s e d , t h e c o n t a c t s p e c i e s a r e f a v o r e d by t h e i n c r e a s e i n k i n e t i c 
e n e r g y of t h e s o l v e n t m o l e c u l e s , c a u s i n g t h e e q u i l i b r i u m be tween t h e two 
t y p e s t o s h i f t t oward t h e c o n t a c t s p e c i e s . C o n s e q u e n t l y , t h e AH° = 
- 5 . 6 k c a l / m o l e d e r i v e d from t h e s l o p e of t h e c u r v e be tween 25° and -15°C 
s u g g e s t s t h a t a n a p p r e c i a b l e f r a c t i o n of t h e NaAlH^ i o n p a i r s e x i s t i n 
s o l u t i o n a s c o n t a c t s p e c i e s . When t h e c o n t a c t i o n p a i r d i s s o c i a t e s t o 
f r e e i o n s , t h e c a t i o n must add a t l e a s t one m o l e c u l e o f THF t o i t s i n n e r 
Zil 
s o l v a t i o n s p h e r e , l e a d i n g t o t h e e v o l u t i o n of t h e e x t r a q u a n t i t y o f 
e n e r g y n o t o b s e r v e d d u r i n g t h e d i s s o c i a t i o n of a s o l v e n t s e p a r a t e d i o n 
p a i r . The d i f f e r e n c e i n t h e l o g K & v s l / T p l o t o b s e r v e d be tween LiAlH^ 
and NaAlH^ p a r a l l e l s t h a t s e e n i n t h e c o m p a r i s o n o f t h e c e n t e r - t o - c e n t e r 
d i s t a n c e s f o r t h e i o n p a i r a t 25°C c o n t a i n e d i n T a b l e 3 7 . The f a c t t h a t 
t h e r a d i u s d e r i v e d from t h e e x p e r i m e n t a l K i s a p p r o x i m a t e l y midway b e -
tween t h e v a l u e s c a l c u l a t e d from t h e c r y s t a l r a d i i and t h e p r o p o s e d model 
f u r t h e r s u b s t a n t i a t e s t h e p r e s e n c e of b o t h t y p e s of i o n p a i r s i n THF s o l ­
u t i o n s of NaAlH^, 
The change of e n t r o p y on d i s s o c i a t i o n can be c a l c u l a t e d from t h e 
e x p e r i m e n t a l & a ' s and t h e c a l c u l a t e d A H ° v a l u e s . The e n t r o p i e s of d i s s o ­
c i a t i o n f o r t h e LiAlH^ i o n p a i r a r e c a l c u l a t e d t o be - 3 6 and - 3 4 c a l / m o l e 
- d e g a t 25° and -70°G, r e s p e c t i v e l y . The c o r r e s p o n d i n g p a r a m e t e r s f o r 
NaAlH^ a t 25° and -70°G a r e - 4 4 and -25 c a l / m o l e - d e g . The l a r g e n e g ­
a t i v e v a l u e s o b s e r v e d a r e c o n s i s t e n t w i t h t h e A S ° v a l u e s found by p r e -
25 26 
v i o u s w o r k e r s ' f o r s y s t e m s c o n t a i n i n g s o l v e n t s e p a r a t e d and c o n t a c t 
i o n p a i r s , At -70°C t h e A S ° h a s i n c r e a s e d by 50$ o v e r t h a t a t 25°C f o r 
d 
NaAlH^, i n d i c a t i n g t h a t t h e d i s s o c i a t i o n p r o c e s s a t -70°G o c c u r s w i t h 
l e s s change i n t h e o r i e n t a t i o n o f t h e s o l v e n t a round t h e i o n s . 
The a s s o c i a t i o n c u r v e s f o r LiAlH^ and NaAlH^ a r e v i r t u a l l y i d e n ­
t i c a l i n THF, and a r e c o n s i s t e n t w i t h t h e p r e s e n c e o f i o n p a i r s and t r i p l e 
i o n a g g r e g a t e s . A l i m i t i n g i - v a l u e of 1 .5 a t t h e h i g h e r c o n c e n t r a t i o n s 
i s c o n s i s t e n t w*th e q u a l amounts of t h e t v o p o s s i b l e t r i p l e i o n s b e i n g 
p r e s e n t i n the s o l u t i o n , The c o n d u c t a n c e d a t a f o r LiBH^ i n THF i n d i c a t e 
t h a t LiBH^ i s more a s s o c i a t e d t h a n LiAlH^ even i n d i l u t e s o l u t i o n and i t 
i s l i k e l y t h a t t h e t r i p l e i o n i s t h e p r e d o m i n a n t s p e c i e s s i n c e a n i - v a l u e 
b? 
of 1.5 i s o b s e r v e d o v e r most of t h e c o n c e n t r a t i o n r a n g e s t u d i e d . More 
e x t e n s i v e a s s o c i a t i o n i s e x p e c t e d f o r LiAlH^ and LiBH^ i n d i e t h y l e t h e r 
t h a n i n THF b e c a u s e of t h e much l o w e r d i e l e c t r i c c o n s t a n t (k.Jk v s . 7 . 6 0 ) 
and t h e r e d u c e d s o l v a t i n g power of t h e oxygen of d i e t h y l e t h e r . C o n s e ­
q u e n t l y , t h e h i g h e r a s s o c i a t i o n v a l u e s and t h e c o n d u c t a n c e d a t a i n d i c a t e 
t h a t t h e i o n a g g r e g a t e s i n t h e s e s o l u t i o n s c o n t a i n i o n s i n c o n t a c t . 
A l l o f t h e methoxy d e r i v a t i v e s e x c e p t L i A ^ O C H ^ H ^ e x h i b i t s u b ­
s t a n t i a l l y h i g h e r i - v a l u e s t h a n t h o s e found f o r t h e p a r e n t h y d r i d e . T h i s 
i s a p p a r e n t l y due t o t h e a b i l i t y of t h e oxygen o f t h e methoxy g r o u p t o 
c o o r d i n a t e t h e l i t h i u m i o n and d i s p l a c e t h e s o l v e n t m o l e c u l e s . When two 
o r more methoxy s u b s t i t u e n t s a r e p r e s e n t , c h a i n - l i k e s t r u c t u r e s ( l ) a r e 
p o s s i b l e . Th<* u n i q u e shape o f t h e a s s o c i a t i o n c u r v e s of t h e d i - and t r ^ -
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s u b s t i t u t e d methoxy d e r i v a t i v e s i n d i c a t e t h a t l i n e a r c h a i n s j o i n e d by a 
methoxy b r i d g e a r e o c c u r i n g . T h i s would a c c o u n t f o r t h e i n s o l u b i l i t y 
of t h e t e t r a m e t h o x y d e r i v a t i v e s and t h e a p p a r e n t d i s p r o p o r t i o n a t i o n of 
t h e t r i m e t h o x y d e r i v a t i v e s . 
The r e p l a c e m e n t of t h e methoxy s u b s t i t u e n t s w i t h t h e l a r g e r t e r t -
b u t o x y and d i p h e n y l m e t h y l c a r b o n y l o x y s u b s t i t u e n t s a p p a r e n t l y i n h i b i t s 
t h e f o r m a t i o n of t h e s e c h a i n s v i a s t e r i c h i n d r a n c e . S i n c e t h e i - v a l u e s 
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f o r a l l t h e s e a l k o x y d e r i v a t i v e s do n o t exceed 1.2 even a t h i g h c o n ­
c e n t r a t i o n , i o n p a i r s a r e p r o b a b l y t h e p r e d o m i n a n t s p e c i e s p r e s e n t i n 
s o l u t i o n . 
At t h e c o n c e n t r a t i o n u s u a l l y employed i n r e d u c t i o n s w i t h L iAlH^, 
NaAlH^ and LiBH^ i n THF and d i e t h y l e t h e r t h e f r a c t i o n p r e s e n t a s f r e e 
i o n s i s v e r y s m a l l ; c o n s e q u e n t l y , i t i s r e a s o n a b l e t o assume t h a t t h e i o n 
p a i r o r t r i p l e i o n i s t h e r e d u c i n g s p e c i e s . F u r t h e r m o r e , t h e s e s o l u t e 
s p e c i e s may be s o l v e n t s e p a r a t e d , i n i n t i m a t e c o n t a c t o r may be m i x t u r e s 
of s o l v e n t s e p a r a t e d and c o n t a c t s p e c i e s . 
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NMR s t u d i e s and i n f r a r e d s t u d i e s have shown t h a t s p e c i f i c s o l v a 
t i o n by f o u r m o l e c u l e s of a c e t o n e o c c u r s a t t h e l i t h i u m i o n f o r l i t h i u m 
i o d i d e and l i t h i u m p e r c h l o r a t e i n a c e t o n e - n i t r o m e t h a n e m i x t u r e s , F u r t h e r -
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more , c o n d u c t a n c e d a t a a r e c o n s i s t e n t w i t h t h e p r e s e n c e of s o l v e n t 
s e p a r a t e d i o n p a i r s f o r t h e s e s a l t s i n a c e t o n e . S p e c i f i c s o l v a t i o n by 
f o u r m o l e c u l e s of THF a t t h e l i t h i u m i o n i s a l s o o b s e r v e d f o r t h e s e s a l t s 
i n T H F - d i e t h y l e t h e r m i x t u r e s and t h e f o r m a t i o n of l i t h i u m i o n - a c e t o n e 
complex i s found b o t h i n THF and d i e t h y l e t h e r , C o n s e q u e n t l y i t a p p e a r s 
t h a t s o l v a t i o n o c c u r s a t t h e l i t h i u m i o n i n t h e s o l v e n t s e p a r a t e d i o n 
p a i r s by c o o r d i n a t i o n w i t h t h e oxygen h a v i n g t h e g r e a t e s t s o l v a t i n g power 
S i n c e t h e LiAlH^ i o n p a i r i s a s o l v e n t s e p a r a t e d i o n p a i r i n THF, 
i t i s p r o b a b l e t h a t t h e i n i t i a l s t e p i n t h e r e a c t i o n i s t h e c o m p l e x a t i o n 
by a c a r b o n y l oxygen of t h e l i t h i u m i o n f o l l o w e d by a h y d r i d e t r a n s f e r . 
The s p e c i f i c s o l v a t i o n of t h e sodium i o n i s u s u a l l y l e s s t h a n t h a t found 
f o r t h e l i t h i u m i o n b e c a u s e o f i t s l a r g e r s i z e . S i n c e t h e c o n d u c t a n c e 
d a t a a r e c o n s i s t e n t w i t h t h e p r e s e n c e o f b o t h s o l v e n t s e p a r a t e d and 
c o n t a c t s o l u t e s p e c i e s , i n i t i a l c o m p l e x a t i o n by t h e c a r b o n y l oxygen a t 
t h e sodium i o n i s l e s s l i k e l y t o o c c u r . T h e r e f o r e , i t i s r e a s o n a b l e t o 
e x p e c t t h a t a d i f f e r e n c e i n t h e s e l e c t i v i t y of NaAlH^ and LiAlH^ i n THF 
w i l l o c c u r . 
The r e a c t i o n of 3 , 3 , 5 - t r i m e t h y l c y c l o h e x a n o n e w i t h LiAlH^ and 
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NaAlH^ i n THF a r e b o t h c o n c e n t r a t i o n d e p e n d e n t ; t h e s t e r e o s e l e c t i v i t y , 
a s measured by t h e f o r m a t i o n of t h e l e s s s t a b l e a l c o h o l i n t h e p r o d u c t , 
i n c r e a s e s w i t h d e c r e a s i n g c o n c e n t r a t i o n , i . e . , from 0 . 5 M t o 0 , 0 0 1 M, 
Al though t h e s e l e c t i v i t y of LiAlH^ and NaAlH^ a r e c o m p a r a b l e a t t h e most 
d i l u t e c o n c e n t r a t i o n s t u d i e d , t h e s e l e c t i v i t y of LiAlH^ i s s i g n i f i c a n t l y 
g r e a t e r t h a n t h a t found f o r NaAlH^ a t t h e h i g h e r c o n c e n t r a t i o n s . E v ­
i d e n t l y t h e i o n p a i r i s t h e a c t i v e r e d u c i n g s p e c i e s i n t h e s e s o l u t i o n s , 
and t h e s o l v e n t s e p a r a t e d i o n p a i r a p p e a r s t o g i v e t h e g r e a t e s t s t e r e o ­
s e l e c t i v i t y . 
I n o r d e r t o d e t e r m i n e t h e e x t e n t o f t h e s t e r e o s e l e c t i v i t y o f t h e 
s o l v e n t s e p a r a t e d i o n p a i r , a c o m p a r i s o n was made of t h e s t e r e o c h e m i c a l 
r e s u l t s o b t a i n e d from t h e r e d u c t i o n of s e v e r a l k e t o n e s w i t h t h e p a r e n t 
h y d r i d e s i n T H F . 3 8 These r e s u l t s a r e t a b u l a t e d i n T a b l e 3 8 . With t h r e e 
of t h e k e t o n e s s t u d i e d , t h e y i e l d of t h e l e s s s t a b l e a l c o h o l found i n t h e 
p r o d u c t i s s i g n i f i c a n t l y s m a l l e r f o r NaAlH^ compared t o t h a t of L iAlH^. 
A c o m p a r i s o n of t h e d a t a f o r LiBH^ w i t h t h e LiAlH^ d a t a shows t h a t t h e 
p e r c e n t a g e of t h e l e s s s t a b l e a l c o h o l found i n t h e p r o d u c t i s a l s o s m a l l e r 
f o r LiBH^ w i t h f o u r of t h e k e t o n e s s t u d i e d . A s i m i l a r c o n c l u s i o n i s 
r e a c h e d when t h e r e s u l t s of LiBH^ a r e compared t o t h o s e o f NaAlH^. 
A p p a r e n t l y , t h e enhanced s e l e c t i v i t y o f t h e s o l v e n t s e p a r a t e d LiAlH^ i o n 
p a i r s can be a t t r i b u t e d t o t h e a b i l i t y o f t h e l i t h i u m i o n t o complex t h e 
45 
c a r b o n y l oxygen w i t h t h e d i s p l a c e m e n t of s o l v e n t . The d e c r e a s e d s e l e c ­
t i v i t y of LiBH^ can be a t t r i b u t e d t o t h e d e c r e a s e d a v a i l a b i l i t y of t h e 
l i t h i u m i o n t o complex t h e k e t o n e b e c a u s e t r i p l e i o n s a r e p r e s e n t w i t h 
t h e i o n s i n i n t i m a t e c o n t a c t . I n t e r m e d i a t e r e s u l t s a r e o b t a i n e d f o r 
NaAlH^ b e c a u s e s u b s t a n t i a l amounts o f c o n t a c t i o n p a i r s a r e p r e s e n t and 
b e c a u s e t h e sodium i o n i s a p o o r e r complex ing c a t i o n t h a n t h e l i t h i u m i o n . 
t h e a c t i v e r e d u c i n g s p e c i e s i s a l s o t h e i o n p a i r . A l though l a r g e r a g g r e ­
g a t e s a r e formed a t t h e h i g h e r c o n c e n t r a t i o n s , t h e i o n p a i r i s p r e s e n t a t 
t h e d i l u t e c o n c e n t r a t i o n s . F u r t h e r m o r e , an e q u i l i b r i u m be tween t h e l a r g e r 
a g g r e g a t e s and t h e i o n p a i r i s s u g g e s t e d b e c a u s e t h e e q u i v a l e n t c o n d u c ­
t a n c e i s c o n s t a n t o v e r a wide c o n c e n t r a t i o n r a n g e . The s i m i l a r i t y i n t h e 
e q u i v a l e n t c o n d u c t a n c e of LiAl(OCH^)^H and 0 , 1 0 M LiAlH^ s o l u t i o n s s u g g e s t 
t h a t t h i s i s a s o l v e n t s e p a r a t e d i o n p a i r . C o n s e q u e n t l y , i t would be 
r e a s o n a b l e t o e x p e c t an i n c r e a s e i n s e l e c t i v i t y s i n c e t h e Al(0CH^)^H i o n 
i s s t e r i c a l l y l a r g e r t h a n t h e A1H. i o n . On t h e o t h e r h a n d , L i A l ( O t - B u ) H 
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i s a p p a r e n t l y a c o n t a c t i o n p a i r , and i t i s r e a s o n a b l e t o e x p e c t t h a t t h e 
s e l e c t i v i t y s h o u l d be compapable t o t h a t found f o r LiAlH^ f o r two o p p o s i n g 
r e a s o n s , ( l ) S i n c e L i A l ( 0 t - B u ) ^ H i s a c o n t a c t i o n p a i r , t h e d e c r e a s e d 
a v a i l a b i l i t y of t h e l i t h i u m i o n f o r c o m p l e x a t i o n s h o u l d d e c r e a s e s e l e c ­
t i v i t y . ( 2 ) I n c r e a s e d s e l e c t i v i t y s h o u l d be o b s e r v e d b e c a u s e t h e 
A l ( 0 t - B u ) j - i i o n i s l a r g e r s t e r i c a l l y t h a n t h e A l h \ i o n . 
I n r e d u c t i o n s w i t h LiAl(0CH-)«H, i t i s r e a s o n a b l e t o e x p e c t t h a t 
[ L i A l ( O C H 3 ) 3 H ] 3 t ? [LiAl(0CH ) H ] 2 + LiAl(0CH ) H 
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i n THF r e a c t s w i t h t h e s e k e t o n e s . I t i s r e a s o n a b l e t o e x p e c t t h a t com­
p l e x a t i o n of t h e c a r b o n y l oxygen by Bu^N + i o n would be min ima l b e c a u s e 
of i t s l a r g e s i z e . F u r t h e r m o r e , NMR e x p e r i m e n t s i n d i c a t e t h a t t h e r e i s 
l i t t l e s p e c i f i c s o l v a t i o n of t h i s compound by THF. The c o n d u c t a n c e d a t a 
a r e a l s o c o n s i s t e n t w i t h t h e p r e s e n c e of c o n t a c t i o n p a i r s , and t h e s t e r ­
e o s e l e c t i v e r e s u l t s shown i n T a b l e 38 e x h i b i t a d e c r e a s e d s e l e c t i v i t y w i t h 
t h r e e of t h e k e t o n e s s t u d i e d . I n t h e a b s e n c e of a c a t i o n such a s l i t h i u m , 
i t a p p e a r s l i k e l y t h a t t h e r e i s d i r e c t b i m o l e c u l a r a t t a c k of t h e A1H^~ 
i o n a t t h e c a r b o n y l g r o u p w i t h o u t p r i o r c o m p l e x a t i o n . C o n s e q u e n t l y , t h i s 
mode of a t t a c k must be c o n s i d e r e d a p o s s i b i l i t y f o r r e d u c t i o n s i n v o l v i n g 
t h e o t h e r complex m e t a l h y d r i d e s . 
O b v i o u s l y , t h e k e t o n e p l a y s a n i m p o r t a n t r o l e i n s e l e c t i v i t y and 
c a n n o t be e n t i r e l y d i s c o u n t e d . The e v a l u a t i o n o f o t h e r complex m e t a l 
h y d r i d e s i n r e a c t i o n s w i t h v a r i o u s k e t o n e s i s r e q u i r e d b e f o r e s e l e c t i v i t y 
c a n be c o m p r e h e n s i v e l y e x p l a i n e d . These r e s u l t s , howeve r , s u g g e s t s t r o n g ­
l y t h a t i n i t i a l c o m p l e x a t i o n by t h e c a t i o n w i t h d i s p l a c e m e n t o f s o l v e n t 
o c c u r s i n t h e s e r e d u c t i o n s and may p r o v i d e a n e x p l a n a t i o n f o r t h e 
enhanced s e l e c t i v i t y of t h e s o l v e n t s e p a r a t e d i o n p a i r . 
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4R 
D e r i v a t i o n 1 . D e r i v a t i o n o f t h e Fuoss E q u a t i o n Used t o E s t i m a t e t h e 
Ton P a i r D i s s o c i a t i o n C o n s t a n t . 
S e v e r a l methods a r e a v a i l a b l e f o r t h e e v a l u a t i o n o f t h e d i s s o c i a ­
t i o n c o n s t a n t (K ) and t h e e q u i v a l e n t c o n d u c t a n c e a t i n f i n i t e d i l u t i o n 
cl 
( - / V 0 ) of a weak e l e c t r o l y t e ^ ' 3 1 from c o n d u c t a n c e m e a s u r e m e n t s . The 
Fuoss t r e a t m e n t i s u s e d i n t h e s e s t u d i e s . The d e r i v a t i o n s a r e from F u o s s 
2k 
and A c c a s c i n a . 
D e f i n i t i o n s 
K = I o n P a i r D i s s o c i a t i o n C o n s t a n t 
a 
AB » I o n P a i r 
©< - Degree of I o n i z a t i o n of t h e I o n P a i r 
C » C o n c e n t r a t i o n 
- A - = E q u i v a l e n t C o n d u c t a n c e 
Y+ m A c t i v i t y C o e f f i c i e n t I o n s 
E q u i l i b r i u m 
AB A + + B" 
o< cf: 
K = 
( l - < * ) 
The d e g r e e o f i o n i z a t i o n (o\) i s d e f i n e d by Fuoss a c c o r d i n g t o t h e 
s e m i - e m p i r i c a l r e l a t i o n s h i p 
v \ _ T V 
J \ . a ( ] - s J o V A o ) y \ . 0 F 
where S i s t h e Onsager c o e f f i c i e n t . The f u n c t i o n F i s t h e c o n t i n u e d 
f r a c t i o n 
F = 1 - Z ( l - Z [ l - Z { l - . . . } 
o r 
F - | c o s 2 c o s " 1 [ l - 3 J W 2 ] ) 
where Z i s d e f i n e d a s 
z = s ( A c ) V v 0 3 / 2 
The a c t i v i t y c o e f f i c i e n t ( i s e v a l u a t e d from t h e Debye-Huche l l i m i t i n g 
law 
l o g ^ ± = - $ J * C 
where ^ i s a d e f i n e d c o n s t a n t . 
S u b s t i t u t i o n of t h e e q u a t i o n f o r c< i n t o t h e e q u i l i b r i u m e x p r e s s i o n y i e l d s 
t h e Fuoss e q u a t i o n . 
I - I + -
• A " A . 0 F ( A j 2 K 
An e s t i m a t e of - A - c i s o b t a i n e d from a p l o t of _ A . v s . J~C, from 
u s e of t h e Walden p r o d u c t , o r _ A _ 0 from s i m i l a r s a l t s . Then f o r each 
c o n c e n t r a t i o n , a Z i s c a l c u l a t e d and a F i s d e t e r m i n e d . S u b s t i t u t i o n of 
t h e a p p r o p r i a t e v a l u e s i n t o t h e Fuoss e q u a t i o n , and c a l c u l a t i o n s of F / T V 
and C_A-tf + /F y i e l d s a l e a s t s q u a r e s p l o t w i t h an i n t e r c e p t of l / - / V 0 and 
a s l o p e of l /K (-A©) . The i t e r a t i v e p r o c e s s i s c o n t i n u e d u n t i l t h e 
v a l u e s o f - A . 0 and K a r e c o n s t a n t f o r t h e d a t a . A compu te r p rogram t o 
a 
p e r f o r m t h e s e c a l c u l a t i o n s i s e n t i t l e d "FUOSS". 
50 
D e r i v a t i o n 2 . D e r i v a t i o n of t h e Fuoss E q u a t i o n Used t o E s t i m a t e t h e 
T r i p l e I o n D i s s o c i a t i o n C o n s t a n t . 
D e f i n i t i o n s 
= F r a c t i o n P r e s e n t a s F r e e I o n s 
= F r a c t i o n P r e s e n t a s t r i p l e I o n s 
C = C o n c e n t r a t i o n 
V. « I o n P a i r D i s s o c i a t i o n C o n s t a n t 
a 
^ t , l c T ' ^ 2 = ^ r - ' - P ^ e ^ o n D i s s o c i a t i o n C o n s t a n t s 
_ / \ - o = E q u i v a l e n t Conduc tance a t I n f i n i t e D i l u t i o n ( i o n P a i r ) 
= E q u i v a l e n t Conduc tance a t I n f i n i t e D i l u t i o n ( T r i p l e I o n ) 
A + , B ~ = F r e e I o n s 
AB - I o n P a i r 
ABA+,BAB~ = T r i p l e I o n s 
y ± » ^ + * A c t i v i t y C o e f f i c i e n t s 
E q u i l i b r i a 
AB <-JL-» A + + B " 
ABA <===; AB + A 
BAB AB + B 
Assuming k^ •» = K^, t h e n t h e c o r r e s p o n d i n g e q u i l i b r i u m c o n s t a n t e x p r e s s ­
i o n s a r e 
,2 nsj2 
a 
51 
( i - c ^ - 3 0 9 
I f a l l a c t i v i t y c o e f f i c i e n t s and t h e q u a n t i t y ( l — oL^ — 3 ° ^ ) a r e a l l s e t 
e q u a l t o o n e , t h e s i m p l i f i e d e q u a t i o n s become r e s p e c t i v e l y 
a 1 
K. = 
T h e r e f o r e , 
and 
, K / c 
^ a 7 
Assuming i o n p a i r s and t r i p l e i o n s t o be p r e s e n t i n s o l u t i o n , t h e c o n ­
d u c t a n c e e q u a t i o n i s 
S u b s t i t u t i n g 
• A - - ( J y c ) ( ^ - o ) + ( J i c a c / l c t ) ( A , ) 
The above e q u a t i o n i s of t h e fo rm, 
1 1. 
- A - = A C~ 2 + BC 2 
I f t h e c o n c e n t r a t i o n of s o l u t e i s v e r y d i l u t e , t h e c o n c e n t r a t i o n 
of t r i p l e i o n i s no t i m p o r t a n t and t h e BC 2 t e r m i s s m a l l . Hence , 
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y\_ ~ AC 2 and a p l o t of l o g - / V v e r s u s l o g C s h o u l d a p p r o a c h l i n e a r i t y 
w i t h a s l o p e e q u a l t o 0 . 5 a t low c o n c e n t r a t i o n s i n s o l v e n t s of low d i e l e c ­
t r i c c o n s t a n t . T h i s e q u a t i o n i s u sed a s a t e s t f o r t h e a b s e n c e o f t r i p l e 
i o n on d a t a where t h e i o n p a i r d i s s o c i a t i o n c o n s t a n t i s e v a l u a t e d . For 
t h e e v a l u a t i o n of t h e t r i p l e i o n d i s s o c i a t i o n c o n s t a n t K , however , t h e 
l, 
e q u a t i o n i s p u t i n t o a more c o n v e n i e n t form by m u l t i p l i c a t i o n by C 2 . 
i 
V Y C 2 - A + BC 
24 
At t h i s t i m e m o b i l i t y and A r r h e n i u s c o r r e c t i o n t e r m s ( g ( C ) ) a r e i n t r o ­
duced g i v i n g t h e e x p e r i m e n t a l l y u s a b l e form of t h e e q u a t i o n . 
7 V C 2
 s ( o ) = 7 V 0 K a 2 ( A c K a V K t ) (1 - A / - * - o ) C 
A p l o t o f - / \ £ 2 g ( C ) v e r s u s ( l - - A y W J c i s l i n e a r , and t h e 
t r i p l e i o n d i s s o c i a t i o n c o n s t a n t can be e s t i m a t e d from t h e s l o p e of 
t h e l i n e , s i n c e K i s known and A 0 i s assumed t o - A ^ / 3 . A l e a s t s q u a r e s 
compute r program t o pe r fo rm t h e s e c a l c u l a t i o n s i s e n t i t l e d "K3TRIP". 
D e r i v a t i o n 3 . The C a l c u l a t i o n of t h e C o n c e n t r a t i o n of S p e c i e s P r e s e n t 
i n S o l u t i o n Assuming Only I o n P a i r s and T r i p l e I o n s . 
D e f i n i t i o n s 
Same a s i n D e r i v a t i o n 2 . 
E q u i l i b r i a 
Same a s i n D e r i v a t i o n 2 . 
The a p p r o p r i a t e e q u i l i b r i u m c o n s t a n t e x p r e s s i o n s a r e i 
K = 
K t = : 
o < 3 ^ 
The t o t a l c o n c e n t r a t i o n M i s e q u a l t o t h e c o n c e n t r a t i o n o f i o n p a i r , 
f r e e i o n s and t r i p l e i o n s , i , e . , 
M 
The a c t i v i t y c o e f f i c i e n t s f o r t h e r e s p e c t i v e i o n s a r e o b t a i n e d from t h e 
e x t e n d e d form of t h e Debye-Htlckel law where a^ and a^ a r e t h e c e n t e r - t o -
c e n t e r d i s t a n c e s be tween t h e i o n s i n t h e i o n p a i r and t r i p l e i o n , r e s p e c ­
t i v e l y . 
1. 
-A I 2 
l o g y+ = +
 1 
1 + B a . 1 2 
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i 
-A I 2 
l o g 0 j . = 
1 
1 + B a 1 I ; : 
t -A 1 ^ 
l o g y + = I. 
1 + B a ^ 2 
Both A and B can be e v a l u a t e d . The i o n i c s t r e n g t h i s d e f i n e d 
I = 1/2( o^C + o ^ C + C + c?^C) » ©<C +<* 3 C 
U s i n g an i t e r a t i v e p r o c e d u r e , v a l u e s f o r o<^ a n d c ^ a r e d e t e r m i n e d u n t i l 
no change o c c u r s i n t h e s e v a l u e s . Then t h e c o n c e n t r a t i o n of i o n p a i r s , 
f r e e i o n s and t r i p l e i o n s c a n be c a l c u l a t e d . A compute r program d e s i g n e d 
t o pe r fo rm t h e s e c a l c u l a t i o n s i s e n t i t l e d "C0MP3". 
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COMPUTER PROGRAMS 
The RCA S p e c t r a - 7 0 Computer a t G e o r g i a S t a t e U n i v e r s i t y was u sed 
e x c l u s i v e l y t o pe r fo rm a l l c a l c u l a t i o n s . The compute r p rog rams were 
w r i t t e n i n t h e BASIC L a n g u a g e . The f o l l o w i n g p rograms were u s e d t 
1 . FU0SS - T h i s p rogram was d e s i g n e d t o c a l c u l a t e t h e - A . Q and 
K v a l u e s from c o n d u c t a n c e d a t a i n t h e most d i l u t e 
a 
c o n c e n t r a t i o n r a n g e . 
2 . K3TRIP - T h i s p rogram was d e s i g n e d t o c a l c u l a t e t h e t r i p l e 
i o n d i s s o c i a t i o n c o n s t a n t (K ) i n t h e r e g i o n of t h e 
minimum from c o n d u c t a n c e d a t a , 
3 . C0MP3 - T h i s p rogram was d e s i g n e d t o c a l c u l a t e t h e f r a c t i o n 
of I o n s , i o n p a i r s and t r i p l e i o n s a t any c o n c e n t r a ­
t i o n u s i n g t h e K and K v a l u e s o b t a i n e d from c o n d u c -
a t 
t a n c e d a t a . 
4 . DELTAT - T h i s program was d e s i g n e d t o c a l c u l a t e t h e a s s o c i a ­
t i o n i - v a l u e s from t h e e b u l l i o s c o p i c d a t a , 
5 . AVALUE - T h i s program was d e s i g n e d t o c a l c u l a t e t h e c e n t e r - t o -
c e n t e r d i s t a n c e be tween t h e i o n s i n t h e i o n p a i r 
from t h e e x p e r i m e n t a l K v a l u e . 
FU0SS 
h PRINT " THE VALUES OF K, A l , T, N ARE ? ? ? ? " 
5 INPUT K, A l , T, N 
10 DIM C ( 5 0 ) , L ( 5 0 ) , A ( 5 0 ) , Z ( 5 0 ) , F ( 5 0 ) , Y ( 5 0 ) , G ( 5 0 ) , x ( 5 0 ) 
1 1 DIM D ( 5 0 ) , H ( 5 0 ) 
23 PRINT 1 1 K " , " A l " , 1 1 T " , " N1 1 
25 PRINT K, A l , T, N 
27 P0R L=l T0 7 
3 1 PRINT 
3 ^ P0R 1=1 T0 N 
35 READ C ( l ) , L ( l ) 
hO LET A ( l ) = K * L ( l ) * 1 . 0 E 3 / c ( l ) 
4 5 LET D= - 1 . 4 9 + 2660 /T 
47 LET V = 1 0 . 0 * ( - 3 . 6 5 5 + 3 9 3 / T ) 
50 LET S = ( 8 . l 8 3 E 5 * A l ) / ( ( D * T ) t l . 5 ) +82 .00 / (v*SQ£(D*T) ) 
60 LET B = 1 . 8 l 5 E 6 / ( D * T ) * 1 . 5 
70 LET Z ( l ) = ( S - » * S Q R ( A ( l ) * C ( l ) ) ) / ( A l > 1 . 5 
75 LET F ( l ) = 1 . 0 - Z ( l ) * ( l . O - z ( l ) * ( l . O - Z ( l ) ) 4 . 5 ) * . 5 
80 LET Y ( l ) = F ( l ) / A ( l ) 
90 LET G ( l ) = 1 0 . 0 * ( - B * S Q £ ( c ( l ) * A ( l ) / ( A l * F ( l ) ) ) ) 
95 LET D ( l ) = A ( l ) / ( A l * F ( l ) ) 
100 LET X ( l ) = C ( l ) * ( G ( l > 2 ) * A ( l ) / F ( l ) 
104 LET H ( l ) = S Q R ( C ( l ) ) 
105 NEXT I 
106 PRINT 
107 PRINT 
108 RESTORE 
120 LET X=0 
125 LET Y=0 
130 LET M=0 
135 LET X2=0 
l 4 0 F#R 1=1 T0 N 
145 LET X=X+X(l) 
150 LET Y=Y+Y(l) 
155 LET M=M+X(l)*Y(l) 
160 LET X2=X2+X(l)f2 
165 NEXT I 
170 LET Y(A)=Y/N 
175 LET X(A)=X/N 
180 LET S1=M-X*Y/N 
185 LET S2=X2-X*2/N 
190 LET B l = S l / S 2 
195 LET B0=Y(A)-B1*X(A) 
200 LET A1=1/B0 
205 LET K ( L ) = l / ( B l * A l 2 ) 
207 PRINT L 
208 PRINT "CALC Al","SLOPE,Bl" ,"INTERCEPT,BO", EQUI CONSTANT,K(L)M 
209 PRINT 
210 PRINT A1 ,B1 ,B0 ,K(L) 
2 1 1 PRINT 
215 NEXT L 
225 PRINT " C ( l ) " , " 
230 F0R 1=1 T0 N 
2 3 1 PRINT C ( l ) , A ( l ) , D ( l ) 
232 NEXT I 
233 PRINT 
234 PRINT 
235 PRINT " X ( l ) V 
2b0 F0R 1=1 T0 N 
2^2 PRINT X ( l ) , Y ( l ) , H ( l ) 
2^5 NEXT I 
300 DATA STATEMENTS 
320 END 
FUgfSS 
A ( I ) V D ( I ) " 
Y ( l ) V SQR c ( l ) " 
K3TRIP 
5 PRINT "VALUES p K,A1,T,N,Kl ARE ? " 
6 INPUT K,A1,T,N,K1 
10 DIM C ( 3 0 ) t L ( 3 0 ) t A ( 3 0 ) , G ( 3 0 ) l X ( 3 0 ) , Y ( 3 0 ) 
11 DIM H ( 3 0 ) , E ( 3 0 ) 
30 Fp 1=1 T0f N 
35 READ C ( I ) , L ( I ) 
37 LET D—1.49*-2.66E3/T 
39 LET V « 1 0 . 0 t ( - 3 . 6 6 5 + 3 9 3 / T ) 
40 LET A ( l ) - K * L ( i ) * 1 . 0 E 3 / C ( l ) 
50 LET S - ( 8 . 1 8 3 E 5 * A l ) / ( ( D * T ) t l . 5 ) + 8 2 . 0 0 / ( V * S Q R ( D * T ) ) 
60 LET B - 1 . 8 l 5 E 6 / ( D * T ) t l . 5 
65 LET H ( l ) = ( l . O - S * S Q R ( C ( l ) * A ( l ) / A l 3 ) ) ) 
70 LET G ( l ) « 1 0 . 0 t ( B * S Q B ( C ( l ) * A ( l ) / A l ) ) / ( H ( l ) * S Q R ( l . 0 - A ( l ) / A l ) ) 
SO LET Y ( l W ( l ) * S Q f l ( c ( l ) ) * G ( l ) 
90 LET X ( I ) = ( 1 . 0 - A ( I ) / A 1 ) * C ( I ) 
95 LET E ( I ) = A ( I ) * 3 Q H ( C ( I ) ) 
105 NEXT I 
106 PRINT 
107 PRINT 
.120 LET X=0 
125 LET Y=0 
130 LEr M=0 
135 LET X2=0 
140 Fp 1=1 T0 N 
145 LET X=X+X(l) 
150 LET Y=Y+Y(l) 
155 LET M=M+X(l)*Y(l) 
160 LET X2=X2+X(l) t2 
I 6 5 NEXT I 
170 LET Y(A)=Y/N 
1?5 LET X(A)=X/N 
180 LET S1=M-X*Y/N 
185 LET S2=X2-XT2/N 
190 LET B l = 3 l / S 2 
195 LET B O = Y ( A ) - B 1 * X ( A ) 
200 LET K2=(B0/Al)T2 
205 LET K3«(Al*SQR(Kl ) ) / (3 .0*B] ) 
208 PRINT " Y ( l ) " f " X ( T ) " . n A ( l ) " , " G ( l ) " . " A*3QR G" 
210 Fp 1=1 T0 N 
220 PRINT Y ( T ) , X ( l ) , A ( l ) , C ( l ) , E ( l ) 
221 NEXT I 
222 PRINT 
225 PRINT 
226 PRINT " SLOPE, B l ' V INTERCEPT,BO" 
227 PRINT Bl.BO 
230 PRINT 
231 PRINT 
232 PRINT 
235 PRINT "THE lp PAIR C0NST . , K l " jKl 
59 
K3TRIP ( C o n t i n u e d ) 
23? PRINT 
2.40 PRINT 'THE T0N PATH C0NST. CALCD FROM TRIPLE IJ2^ N DATA, K2"}K2 
242 PRINT 
245 PRINT "THE TRIPLE I0N DISS . C0NST., K3 I S ' } K 3 
247 PRINT 
250 PRINT 
251 PRINT "D I S " ; D , " V I S " ; V 
300 DATA STATEMENTS 
350 END 
C$MP3 
2 PRINT "THE VALUES OF K1,K3 ,T?" 
10 INPUT K1,K3,T 
20 LET G=l 
30 LET Q=100 
bO LET G2=l 
b<? LET C=lE-8 
50 LET D1=-1 .49+2 .66E3 /T 
60 LET B l = 1 . 2 9 0 E 6 / ( D l * T ) t 1-5 
70 LET A l = 3 5 . 5 6 * 5 / ( D l * r ) t 1-5 
80 LET A3*35 .56*10 / (D1*T)T 1.5 
100 LET S=(-K14£QR(K1T24^*C*K1*GT 2 ) ) ) / ( 2 * C * G T 2 ) 
110 LET S3=S*C*G*(l-S)/(K3*G2+3*S*C*G) 
120 LET S l = ( - K l + S Q R ( K l t 2 - ( 4 * C * K l * G t 2 * ( 3 * S 3 - l ) ) ) ) / ( 2 * C * G t 2 ) 
130 LET S ^ l * C * G M l - S l ) / ( K 3 ^ 2 + 3 * S l * C * G ) 
135 I£T S 2 = ( - K l + S Q B ( K l / T 2 - ( ^ C ^ K l ^ G t 2 * ( 3 * S ^ - l ) ) ) ) / ( 2 * C * G t 2 ) 
ibO LET I = ( S 2 + s M * C 
150 LET G = 1 0 . 0 - r ( - B l * S Q R ( l ) / ( H A l ^ Q R ( l ) ) ) 
160 LET G 2 = 1 0 . 0 t ( - B l ^ S Q B ( l ) / ( H A 3 ( S Q J R ( l ) ) ) 
170 LET G3=G/G2 
315 LET S5=S2*C*G*(l-S2)/(K3*G2+3*S2*C*G) 
320 LET S7=( -K l+SQR(Kl t 2 - ( ^ C ^ K l ^ G 2 * ( 3 * S ^ - l ) ) ) ) / (2*C*Gf 2 ) 
330 LET S8=S7*C^*( l -S7) /K3*G2+3*S7*C*G) 
335 LET S9=( -K l+SQR(Kl t 2 - ( ^ C ^ K l ^ G t 2 ^ ( 3 ^ S 8 - l ) ) ) ) / ( 2 ^ - C ^ t 2 ) 
3^0 LET I1=(S9+S8)*C 
3^2 LET G = 1 0 . 0 t ( - B l * S Q R ( l l ) / ( l - i A l * S Q R ( l l ) ) ) 
3kk LET G2=10.0 f ( - B l * S Q R ( l l ) / ( l A 3 * S Q J l ( l l ) ) ) 
350 LET Q=S9*C*KJ*(1-S9)/(K3*G2+3*S9*C*G) 
355 LET Q L = ( - K l + S Q R ( K l t 2 - ( ^ C ^ K l ^ G t 2 ^ - ( 3 ^ - l ) ) ) ) / ( 2 ^ C ^ G t 2 ) 
360 LET Q2=Ql*C*G*(l-Q,l)/(K3*G2+3-»*Ql*C»G) 
362 LET Q3 = (-K1-H3QR(K1T 2-(4*C*Kl*G t 2 * ( 3 * Q 2 - l ) ) ) V ^ C W ' r 2 ) 
37^ PRINT S , S 1 
375 PRINT S 2 , S 7 , S 9 , Q 1 , Q 3 
376 PRINT S 3 , S ^ , S 5 , S 8 , f t 
377 PRINT Q2 
379 PRINT "CONC.", "F ION P R S . " , M F TRIPLES", "ACT. I P " , "ACT.T" 
380 PRINT C,Q3,Q2,G,G2 
3 8 1 PRINT 
382 LET C=10*C 
385 I F C>=2 THEN bOO 
395 GO TO 50 
bOO END 
DELTAT 
1 DIM X ( 3 0 ) , Y ( 3 0 ) , M ( 3 0 ) , R ( 3 0 ) , P ( 3 0 ) , K ( 3 0 ) 
2 DIM T ( 3 0 ) , A ( 3 0 ) , C ( 3 0 ) , W ( 3 0 ) , V ( 3 0 ) 
10 PRINT "THE VALUES 0F M,H,N, ARE?" 
15 INPUT M,H,N 
18 PRINT 
19 PRINT " K l " , " ^ " , " ^ " , " ^ " / ^ " 
20 F0R 1=1 T#f N 
30 READ T ( l ) , W ( l ) , V ( l ) 
35 LET X ( l ) = 1 . 0 - 2 . 7 l 8 2 8 * ( - T ( l ) * M / 2 2 0 0 ) 
h0 LET M ( l ) = ¥ ( l ) / H 
h$ LET R ( l ) = V ( l ) / M 
50 LET P ( l ) = M ( l ) + R ( l ) 
55 LET Y ( l ) = M ( l ) / P ( l ) 
70 LET K l = ( Y ( l ) - X ( l ) ) / ( X ( l ) * 2 ) 
75 LET K 2 = ( Y ( l ) - X ( l ) ) / ( ( 2 * X ( l ) - Y ( l ) ) * 2 ) 
80 LET K 3 = ( ( Y ( l ) - X ( l ) ) ^ ) / ( ( 3 ^ X ( l ) - Y ( l ) ) f 3 ) 
85 LET K l + = ( ( Y ( l ) - X ( l ) ) ^ - 2 7 ) / ( ( ^ X ( l ) - Y ( l ) > M + ) 
90 LET K 5 = ( ( Y ( I ) - X ( I ) ) * 2 5 6 ) / ( ( 5 * X ( I ) - Y ( I ) H 5 ) 
95 LET K ( I ) = ( ( Y ( I ) - X ( l ) ) * 3 1 2 5 ) / ( ( 6 * X ( I ) - Y ( l ) ) f 6 ) 
97 LET A ( l ) = ( ( w ( l ) * M V ( v ( l ) * H ) ) * ( l . 0 / x ( l ) ) 
98 LET C ( l ) = M ( l ) * 1 0 0 0 / w ( l ) 
99 PRINT K1,K2,K3,K4,K5 
100 NEXT I 
105 PRINT 
13 ^  PRINT 
135 PRINT 
136 PRINT " K 6 " , " X S " , " X E " , " I VALUE", " C ^ N C " 
ihO Fjfe 1 -1 T0 N 
1^5 PRINT K ( l ) , Y ( l ) , X ( l ) , A ( l ) , C ( l ) 
150 NEXT I 
300 DATA STATEMENTS 
350 END 
AVALUE 
2 DIM A ( 5 0 ) , B ( 5 0 ) , Y ( 5 0 ) , K ( 5 0 ) , X ( 5 0 ) 
h PRINT "THE VALUE T ? " 
5 INPUT T 
9 F0R 1=1 T0 ^5 
10 READ A ( l ) 
30 LET D=-1 .49+2660 /T 
35 LET B ( l ) = ( 4 . 8 0 3 E - 1 0 * 2 ) / ( A ( l ) * D * 1 . 3 8 0 E - l 6 * T ) 
40 LET Y ( l ) = 4 * 3 . l k l £ * 6 . 0 2 2 E 2 3 * ( A ( l ) * 3 ) ) 
42 LET X ( l ) = ( 3 0 0 0 ) / Y ( l ) 
45 LET K ( l ) = ( x ( l ) ) * ( 2 . 7 l 8 2 8 * ( - B ( l ) ) ) 
50 NEXT I 
52 PRINT " K ( l ) " , " A VALUE,CM" 
55 £$R 1=1 T0 45 
59 PRINT 
60 PRINT K ( l ) , A ( l ) 
65 NEXT I 
100 DATA STATEMENTS 
150 END 
63 
T a b l e 1 . E l e m e n t a l A n a l y s i s f o r t h e Alkoxy D e r i v a t i v e s of LiAlH 
Compound 
Sample 
W e i g h t , mg 
A c t i v e 
H y d r i d e , mmole 
Aluminum 
mmole H / A I 
LiAlH^ 3 5 0 . 0 2M 0 . 6 0 6 4 . 0 2 
LiAl(OCH ? )H 5 5 9 . 2 3 .20 1 .08 3 . 0 9 
L i A l ( O C H 3 ) 2 H 2 4 8 5 . 4 0 . 6 7 4 0 . 7 3 7 1 .88 
LiAl(OCH ) H 5 0 6 , 0 0 . 6 7 0 0 .642 1.0] 
LiAl(0CH ) ^ 8 0 . 1 0 . 9 2 6 3 . 1 6 0 . 2 9 
L i A l ( 0 - t B u ) H 3 6 0 9 . 2 2 . 3 8 0 . 7 9 3 3 . 0 1 
L iAl (O- tB t i ) H 5 5 0 . 0 0 . 6 4 0 0 . 6 0 8 1.05 
LiAl(OCHPh 2 )H 7 9 2 , 6 2 . 9 0 0 . 9 6 3 3 .02 
L iAl (OCHPh p ) 3 H 2 2 5 7 . 8 1 .96 2 . 0 5 O.96 
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T a b l e 2 . E l e m e n t a l A n a l y s e s f o r t h e Alkoxy D e r i v a t i v e s of LiBH 
Sample A c t i v e L i t h i u m 
H/L i Compound W e i g h t , mg H y d r i d e , mmole mmole 
LiBH^ 323^0 1 .86 0 . 4 6 3 4 . 0 4 
L iB(OCH 3 )H 3 4 8 6 . 0 2 . 0 7 0 . 6 6 8 3 . 1 0 
LiB(0CH ) 2 H 2 7 7 8 . 6 1 .02 0 . 4 0 5 2 . 5 4 
LiB(OCH 3 ) ? H 9 3 0 . 3 O.63O 0 . 6 5 1 0 . 9 7 
L iB(OCH ? )^ I 6 3 . 5 0 . 7 7 8 5 . 9 1 0 . 1 3 
L i B ( 0 - t B u ) H 3 4 5 2 . 9 1 .50 0 .482 3 . 1 1 
L i B ( 0 - t B u ) 3 H 7D1.1 0 . 8 2 5 O.639 1 .26 
LiB(OCHPh 2 )H 3 8 5 7 . 4 1 .67 0 . 5 3 6 3 . 1 1 
LiB(OCHPh ?)^H 1 0 5 2 . 9 0 . 5 1 6 0 . 5 3 7 O.96 
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T a b l e 3 . E q u i v a l e n t Conduc tance of L i A l H k i n T e t r a h y d r o f u r a n a t 25°C 
C o n e . M ( 1 0 6 ) W ( m j K > f ) 
cm^ 
C o n e . M ( l 0 6 ) _ A . ( m h c | ) 
cm^ 
0 . 1 5 7 7 1 . 1 416 3 . 9 4 
0 . 3 2 0 5 7 . 5 5 . 9 3 2 9 . 6 
1 .20 4 4 . 2 4 1 . 1 1 0 . 6 
4 . 1 6 3 1 . 3 4 5 . 5 1 0 . 2 
6 . 0 5 2 4 . 9 5 0 . 1 9 . 8 1 
9 . 9 6 2 3 . 0 5 5 . 7 9 . 1 6 
1 2 . 1 2 0 . 3 6 2 . 2 8 . 6 7 
1 6 . 4 1 6 . 0 7 0 . 0 8 . 2 5 
3 4 . 8 1 2 . 6 8 1 . 3 7 . 5 8 
6 6 . 2 9 . 0 9 9 3 . 6 7 . 1 9 
7 1 . 0 8 . 9 3 108 6 . 5 9 
8 1 . 7 8 . 3 7 128 6 . 1 1 
9 3 . 0 7 . 8 6 175 5 . 6 6 
112 7 . 2 7 193 5 . 4 6 
135 6 . 9 1 219 5 . 0 9 
169 6 . 0 1 247 4 . 7 1 
193 5 . 6 9 288 4 . 3 7 
225 5 . 2 7 340 4 . 0 1 
257 4 . 9 7 426 3 . 5 8 
300 4 . 6 3 
346 4 . 3 1 
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T a b l e 3 . E q u i v a l e n t Conduc tance of LiAlH. i n THF a t 25°C from 5 x 10 M 
t o 0 . 1 M. ( C o n t i n u e d ) 
C o n c . M T M ^ ) C o n c . M j M ^ ) 
cm cm 
4 . 9 0 X - 4 10 * 3 . 6 3 6 . 3 3 X 1 0 - 3 1 .51 
7 . 1 1 X 
- 4 
10 3 . 5 ^ 8 . 1 4 X i o - 3 1 . 4 3 
7 . 9 1 X 
- 4 
10 3-37 1 .14 X l O "
2 1.26 
8 . 9 0 X l O " * 3 .22 2 . 2 9 X l O " 2 1.27 
1.02 X l O " 3 3 . 0 3 2 . 6 3 X l O " 2 1 .29 
1 .19 X l O "
3 2 . 8 2 3 . 0 5 X l O " 2 1 .35 
1.42 X l O " 3 2 . 6 3 3 .38 X l O " 2 1 . 3 6 
1 .78 X l O " 3 2 . 3 9 3 .97 X l O " 2 1.1*2 
2 . 1 1 X 1 0 - 3 2 . 2 2 5 . 0 7 X l O ' 2 1 .57 
2 . 4 9 X 1 0 - 3 2 . 0 7 6 . 0 8 X l O " 2 1.86 
3 . 0 0 X 1 0 - 3 1 .94 7 . 0 3 X l O " 2 1 .90 
3-56 X 1 0 - 3 1 .82 7 . 9 5 X l O " 2 2 . 0 7 
4 . ? 8 X 1 0 - 3 1 .69 9 . 1 ^ X l O " 2 2 . 3 0 
5 . 1 8 X 1 0 - 3 1 .59 1 .01 X l O " 1 2 . 5 1 
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T a b l e 4 . E q u i v a l e n t Conduc t ance of L iAlH. i n THF a t 25°C from 0 . 0 6 M 
t o 1 .5 M. ( C e l l C o n s t a n t = 1 .123 c m " 1 ) 
C o n c . M T V r t ) C o n c . , M T V ^ ) 
cm 
0 . 0 5 8 1 .34 0 . 2 7 8 5 . 2 6 
0 . 0 7 3 1 .55 0 . 3 0 8 5 . 8 1 
0 . 0 8 7 1 .65 0 . 3 9 9 7 . 2 3 
0 . 1 0 1 1.92 0 . 4 7 8 8 . 6 9 
0 . 1 1 4 2 . 2 0 0 . 5 4 6 9 . 7 0 
0 . 1 4 0 2 . 7 3 0 . 6 9 5 1 1 . 0 0 
O. I65 3 . 1 9 0 .790 1 1 . 4 8 
0 . 1 8 9 3 .76 0 .900 11 . 20 
0 . 2 1 ? 4 . 1 9 1 .080 9 . 3 0 
0 . 2 4 6 4 . 8 0 1 .540 6 . 4 3 
T a b l e 5 . E q u i v a l e n t C o n d u c t a n c e of NaAlH. i n T e t r a h y d r o f u r a n a t 25° C. 
C o n e , H ( 1 0 6 ) A i ^ ) C o n e , M ( 1 0 6 ) J ^ 3 * 3 * ) 
cm cm 
0 . 1 7 4 6 4 . 4 7 8 , 9 4 . 1 3 
0 . 5 2 3 4 9 . 5 8 0 . 9 4 . 0 3 
2 . 1 4 2 1 . 3 133 3 . 4 1 
3 . 7 0 1 9 . 7 139 3 . 2 9 
5 . 7 6 1 3 . 0 156 3 . 1 3 
1 0 . 0 1 2 . 5 211 2 . 6 9 
1 7 . 9 8 . 7 2 227 2 . 5 8 
2 5 . 0 8 . 3 1 290 2 . 3 5 
3 0 . 2 7 . 6 9 383 1 .98 
3 1 . 9 7 . 0 3 550 1 .71 
4 3 . 5 5 . 8 1 
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T a b l e 5 . E q u i v a l e n t Conduc t ance of NaAlH. i n T e t r a h y d r o f u r a n a t 25°C 
from 0 . 0 0 1 M t o 0 . 5 M. ( C o n t i n u e d ) 
C o n c . , M A . ( ^ ) C o n c . M 
cm cm 
1.15 X i o - 3 1 .191 3 . 6 4 X 
- 2 
10 c 0 . 6 0 8 
2 . 4 9 X i o - 3 0 . 8 5 4 4 . 3 1 X 
- 2 
10 ^ 0 .642 
3 . 9 5 X i o - 3 0 . 6 7 9 5 . 2 6 X l O " 2 0 .695 
7 . 3 9 X i o - 3 0 . 4 4 5 6 . 1 1 X 1 0 " 2 0 . 7 4 0 
9 . 8 2 X i o - 3 0 . 4 0 9 7 . 2 9 X 1 0 - 2 0 . 8 2 1 
1.22 X l O " 2 0 .440 8 . 6 1 X 1 0 " 2 0 . 9 0 3 
1 .46 X 1 0 " 2 0 . 4 6 1 1 .05 X l O " 1 1 .04 
1 .69 X l O " 2 0 . 4 7 1 1 .35 X l O " 1 1.31 
1.92 X l O " 2 0 . 4 8 3 1 .58 X l O " 1 1.57 
2 . 1 5 X l O " 2 0 .492 1.89 X l O " 1 1.98 
2 . 4 8 X l O " 2 0 .522 2 . 3 7 X l O " 1 2 . 5 9 
2 . 5 3 X l O " 2 0 . 5 4 3 3 . 1 6 X 1 0 - 1 3 . 6 4 
2 . 7 9 X 
-2 
10 c 0 . 5 7 3 4 . 0 2 X l O "
1 5 . 5 0 
3 . 1 6 X l O " 2 0 . 5 8 6 4 . 9 6 X l O " 1 8 . 0 5 
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T a b l e 6 . E q u i v a l e n t Conduc tance of LiBH^ i n T e t r a h y d r o f u r a n a t 25° C 
C o n e , M ( 1 0 6 ) W ( ^ ) C o n e , M ( l 0 4 ) T V C ^ ) 
cm cm 
0 . 2 5 4 . 9 8 7 . 5 0 0 .082 
1 .00 2 . 4 9 8 . 3 9 O.O69 
2 . 0 6 1 .66 8 . 9 5 0 . 0 5 3 
2 . 2 5 1 .49 9 . 1 8 0 . 0 3 9 
2 . 7 7 1 .39 1 0 . 1 0 . 0 3 8 
4 . 0 9 1 .24 1 5 . 1 0 . 0 3 4 
9 . 1 4 0 . 8 3 2 4 . 8 0 . 0 2 9 
2 0 . 7 0 . 5 5 3 9 . 3 0 . 0 2 6 
5 0 . 4 0 . 3 6 5 8 . 2 0 . 0 2 3 
7 7 . 8 0 . 2 9 8 0 . 1 0 .022 
143 0 . 2 1 192 0 . 0 1 6 
222 0 . 1 6 287 0 . 0 1 7 
420 0 . 1 2 546 0 . 0 1 9 
648 0 . 1 0 658 0 . 0 2 4 
762 0 . 0 2 7 
998 0 . 0 2 9 
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T a b l e 7 . E q u i v a l e n t Conduc t ance o f LiBHV i n T e t r a h y d r o f u r a n a t 25°C 
from 0 . 0 3 M t o 1 ,0 M, ( C e l l C o n s t a n t - 1 .123 c m " 1 ) . 
C o n e . , H C o n e , M _ A ( ^ f ) 
cm ' cm" 
O.O36 0 .0095 O.565 0 . 2 6 0 
0 .105 0 .0286 0 . 6 8 3 0 . 3 5 9 
0 . 1 9 1 O.O567 0 . 7 8 1 0 . 4 5 4 
0 . 2 6 5 0 . 1 0 8 0 .870 0 . 5 2 1 
0 . 3 5 3 0 . 1 2 7 0 . 9 8 1 O.594 
0 . ^ 6 3 0 . 1 9 1 1.062 0 . 5 4 8 
7? 
T a b l e 8 . E q u i v a l e n t Conduc tance of Bu^NAlH, i n THF a t 25° C 
C o n e , M ( 1 0 6 ) T V 2 1 ^ ) C o n e , M ( 1 0 ^ ) T V ^ ) 
cm cm 
0 . 1 3 8 1 . 1 7 . 5 5 . 4 9 
0 . 5 2 6 6 . 3 8 . 7 5 5 . 1 1 
1 .97 5 9 . 4 1 0 . 0 4 . 7 5 
5 .06 4 3 . 6 2 5 . 0 4 . 2 9 
1 1 . 1 3 2 . 5 5 0 . 0 4 . 0 0 
2 5 . 0 2 5 . 5 6 2 . 5 3 . 8 3 
5 6 . 3 1 7 . 5 7 5 . 0 3 . 7 0 
1 2 1 . 1 1 2 . 2 8 7 . 0 3 . 6 0 
260 8 . 6 5 100 3 . 5 0 
634 5 . 9 2 235 3 . 3 0 
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T a b l e 9» L i m i t i n g C o n d u c t a n c e s and E q u i l i b r i u m C o n s t a n t s of D i s s o c i a t i o n 
of t h e Complex Me ta l H y d r i d e s i n THF a t 25° C. 
Compound 
cm 
K 
LiAlH, 
NaAlH, 
Bu 4 NAlH 4 
LiBH 4 
90 
81 
97 
80 
0 . 6 9 x 10 - 6 
0 . 2 1 x 10 - 6 
0 . 1 8 x 10 
1.0 x 10""9 
- 5 
1.8 x 1 0 " 3 
3 . 8 x 10 
1 .4 x 10 
.2 x 10 
- 3 
- 3 
The Fuoss t r e a t m e n t employed f o r t h e d e t e r m i n a t i o n of from t h e con 
d u c t a n c e d a t a assumes t h a t t h e f o r m a t i o n c o n s t a n t s f o r t h e two t y p e s 
of t r i p l e i o n s a r e e q u a l . 
S i n c e t h e c o n d u c t a n c e o f t h e LiBH^ s o l u t i o n s a r e low even a t 10 M, 
t h e v a l u e s o b t a i n e d f o r t h i s h y d r i d e a r e n o t a s r e l i a b l e a s t h e o t h e r 
K ' s i n t h e T a b l e . 
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T a b l e 1 0 . E q u i v a l e n t Conduc tance of LiAlH^ i n T e t r a h y d r o f u r a n a t 
S e v e r a l T e m p e r a t u r e s (Expe r imen t l ) . 
C o n c e n t r a t i o n , M^IO^) 
Temp . , °C 4 . 8 5 6 . 0 6 5 8 . 2 7 4 . 9 8 7 . 3 
25 1 1 . 3 6 1 0 . 7 5 3 . 8 7 3 . ^ 4 3 . 1 8 
0 1 2 . 6 4 1 1 . 7 8 4 . 5 1 3 .98 3 .70 
-15 1 2 . 5 6 1 1 . 8 6 4 . 5 1 4 . 0 0 3 . 7 3 
-35 1 2 . 0 9 1 1 . 4 6 4 . 4 8 3 . 9 5 3 . 6 8 
-50 1 1 . 5 0 1 0 . 9 9 4 . 3 6 3 . 8 8 3 .62 
- 7 0 10 .71 1 0 . 2 8 4 . 1 6 3 . 7 3 3 . 5 1 
T a b l e 1 1 . E q u i v a l e n t Conduc t ance of LiAlH^ i n T e t r a h y d r o f u r a n a t 
S e v e r a l T e m p e r a t u r e s (Expe r imen t 2 ) . 
C o n c e n t r a t i o n , M^IO - 5) 
Temp . , °C 5 . 5 4 6 . 9 2 2 4 . 7 4 8 . 0 5 8 . 3 7 2 . 5 
25 9 . 8 6 9 . 4 4 4 . 3 4 3 . ^ 3 3 . 2 9 3-11 
10 1 0 . 3 8 9 . 8 5 4 . 6 5 3 . 5 9 3 . 5 0 3 . 3 ^ 
0 1 0 . 9 8 1 0 . 3 8 5 . 0 4 3 . 8 1 3 . 7 8 3 . 6 6 
- 1 0 I I . 3 1 1 0 . 6 0 5 . 2 4 3 . 9 1 3 . 9 3 3 . 8 4 
- 2 0 1 1 . 5 5 1 0 . 7 7 5 . 3 9 3 . 9 9 4 . 0 6 3 . 9 8 
- 3 0 1 1 . 5 9 1 0 . 8 0 5 . 5 1 4 . 0 3 4 . 1 6 4 . 0 7 
- 4 0 1 1 . 4 6 1 0 . 6 9 5 -59 4 . 0 3 4 . 2 2 4 . 1 2 
- 6 0 1 0 . 2 9 9 . 7 6 5 . 3 1 3 . 8 3 4 . 1 4 4 . 0 3 
- 7 0 8 . 9 0 8 . 5 6 4 . 9 2 3 . 5 5 3 . 9 8 3 . 8 8 
75 
T a b l e 1 2 . E q u i v a l e n t Conduc t ance of NaAlH^ i n T e t r a h y d r o f u r a n a t 
S e v e r a l T e m p e r a t u r e s . 
C o n c e n t r a t i o n , M ( l C r ) 
2 . 5 0 7 . 8 9 1 3 . 9 1 9 . 6 2 6 . 9 3 6 . 5 8 4 . 6 
25 8 . 2 4 4 . 1 2 3 .07 2 . 5 7 2 . 3 1 2 . 0 3 1 .42 
10 8 . 2 8 4 . 4 7 3 - 3 ^ 2 . 8 7 2 . 5 7 2 . 2 6 1 .55 
0 8 . 0 5 4 . 7 1 3 .52 3 . 0 8 2 . 7 5 2 . 4 0 1 .64 
- 1 5 8 . 0 1 5 . 0 0 3 . 7 9 3 . 7 0 3 . 0 1 2 . 6 2 1 .76 
- 2 0 7 . 9 7 5 . 1 5 3 . 8 9 3 . ^ 9 3 .09 2 . 7 0 1 . 8 1 
- 3 0 7 . 8 6 5 . 3 ^ 4 . 0 7 3 . 7 0 3 . 2 8 2 . 8 4 1 .89 
-35 7 . 7 8 5 . 4 6 4 . 1 7 3 . 8 0 3-35 2 . 9 1 2 . 0 5 
- 4 0 7 . 7 4 5 . 5 9 4 . 2 6 3 . 9 1 3 .^5 2 . 9 9 2 . 0 9 
-45 7 . 7 4 5 . 6 9 4 . 3 5 4 . 0 1 3 . 5 1 3 . 0 6 2 . 1 3 
- 5 0 7 . 6 6 5 . 8 0 4.^44 4 . 1 1 3 . 6 3 3 . 1 3 2 . 1 8 
-60 7 . 6 6 6 . 0 5 4 . 6 3 4 . 3 2 3 .28 2 . 2 6 3 . 8 0 
- 7 0 7 . 6 6 6 . 2 4 4 . 8 3 4 . 5 2 3 .97 3 . 4 3 2 . 3 5 
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T a b l e 1 3 . E q u i v a l e n t Conduc t ance of LiAl(0CH ) H i n T e t r a h y d r o f u r a n a t 
25° C. J 5 
C o n e , M J \ _ ( ^ \ ) C o n e , M T V C ^ ) 
cm cm 
0 .0001 2 . 2 1 0 , 0 8 2 1 2 . 4 2 
0 . 0 0 0 4 2 . 2 2 0 . 0 9 8 5 2 . 3 2 
0 .0032 2 . 2 1 0 . 1 2 3 2 . 3 2 
0 . 0 1 9 7 2 . 2 3 0 . 1 6 4 2 . 3 1 
0 . 0 2 4 6 2 . 2 5 0 . 1 9 7 2 . 3 1 
0 . 0 2 8 1 2 . 2 3 0 . 2 4 6 2 . 3 1 
0 .0318 2 . 2 5 0 . 3 2 8 2 . 5 4 
O.O365 2 . 2 3 0 . 4 9 3 2 . 7 0 
0 . 0 4 2 8 2 . 3 2 
O.O5I8 2 . 3 8 
O.O657 2 . 4 2 
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T a b l e 1 4 . E q u i v a l e n t Conduc t ance of L i A l ( O - t B u ) H i n T e t r a h y d r o f u r a n 
a t 2 5 ° C j 
o n e . , M T V ( m h f ) 
cm 
C o n e , M 7 V ( m h o | ) 
cm 
0 . 0 0 0 3 0 .0095 0 .0675 0 .0118 
0 .0020 0 . 0 0 9 8 0 .0992 0 . 0 1 2 4 
0 . 0 2 0 3 0 . 0 0 9 9 0 . 1 2 7 0 .0132 
0 . 0 2 6 0 .0102 0 . 1 8 4 0 .0154 
0 . 0 2 8 9 0 . 0 1 1 1 0 . 2 2 5 0 . 0 1 7 1 
0 . 0 3 2 6 0 .0112 0 . 2 8 9 0 .0208 
0 . 0 3 7 5 0 . 0 1 1 3 0 .405 0 .0290 
0 .0440 0 . 0 1 1 4 
O.O533 0 . 0 1 1 7 
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T a b l e 1 5 . E q u i v a l e n t C o n d u c t a n c e of LiAlH^ i n D i e t h y l E t h e r a t 25° C. 
C o n c „ H C o n e , M T V ) 
cm cm" 
0 . 0 2 1 0 . 0 0 0 5 0 . 1 6 8 0 . 0 0 2 7 
0 . 0 4 0 0 . 0 0 0 9 0 . 2 0 3 0 . 0 0 2 7 
0 . 0 8 2 0 . 0 0 3 1 0 . 2 2 0 0 .0032 
0 .102 0 . 0 0 3 0 0 ,260 0 . 0 0 3 7 
0 . 1 2 3 0 . 0 0 2 9 0 . 2 8 0 0 .0035 
0 . 1 5 4 0 . 0 0 2 7 0 .482 0 .0042 
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T a b l e 1 6 . A s s o c i a t i o n of LiAlH. i n T e t r a h y d r o f u r a n . 
T , ° C S o l u t e , g S o l v e n t , g C o n c n . , m A s s o c i a t i o n , i 
0 . 0 9 8 0 . 0 7 8 4 5 . 1 0 0 . 0 4 3 1.02 
0 . 1 5 8 0 . 1 3 8 4 6 . 0 2 0 . 0 7 9 1 .10 
0 . 1 9 5 0 . 1 7 7 4 6 . 5 2 0 . 1 0 0 1 .13 
0 . 2 5 7 0 . 2 5 5 ^ 7 . 5 5 0 . 1 4 1 1 .21 
0 . 2 9 0 0 . 3 1 4 4 8 . 3 3 0 . 1 7 1 1 .29 
0 . 3 ^ 5 0 . 4 3 0 4 9 . 8 6 0 . 2 2 7 1 .44 
0 . 3 6 7 0 .472 5 0 . 4 1 0 . 2 4 1 1 .49 
0 . 4 7 4 0 . 6 8 9 5 3 . 2 7 0 . 3 4 1 1 .57 
0 . 6 5 3 1 .138 5 9 . 1 8 0 . 5 0 6 1 .72 
0 . 8 0 7 1 .615 6 5 . 4 6 0 . 6 5 0 1 .79 
1 .012 2 . 3 5 3 7 5 . 1 6 0 . 8 2 5 1.82 
1 .067 2 . 5 4 0 7 6 . 6 8 0 . 8 7 3 1 .83 
T a b l e 1 7 . A s s o c i a t i o n of LiAl(0CH^)H^ i n T e t r a h y d r o f u r a n . 
T , 0 C S o l u t e , g S o l v e n t , g C o n c n . , m A s s o c i a t i o n , i 
0 . 1 8 6 0 . 2 1 6 3 7 . 6 8 ? 0 .085 1 .00 
0 . 2 6 6 0 . 3 8 2 3 8 . 7 8 8 0 . 1 4 5 1 .19 
0 . 3 5 4 0 . 5 9 8 4 0 . 2 2 5 0 . 2 1 9 1 .37 
0 . 5 0 8 1 .124 4 3 . 7 3 ^ 0 . 3 7 8 I . 6 5 
n . 6 7 6 1 .751 4 7 . 9 1 7 0 . 5 3 8 1 .77 
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T a b l e 1 8 . A s w j a t i o n of LiAl(0CH ) 2 H 2 i n T e t r a h y d r o f u r a n . 
T , 0 C S o l u t e , g S o l v e n t , g C o n c n . , m A s s o c i a t i o n , i 
0 . 0 6 1 0 . 1 8 7 3 7 . 4 4 3 0 . 0 5 1 1 .83 
0 . 1 1 3 0 . 4 0 9 3 9 . 5 9 1 0 .105 2 . 0 6 
0 . 1 8 4 0 . 7 8 6 ^ 3 . 2 3 5 0 . 1 8 5 2 . 2 2 
0 .250 I . 2 6 3 4 7 . 8 5 0 O.269 2 . 3 7 
0 . 3 2 1 2 . 1 6 5 56.57Q 0 . 3 9 0 2 . 6 9 
T a b l e 1 9 . A s s o c i a t i o n o f L i A l C O C H ^ H I n T e t r a h y d r o f u r a n 
T , 0 G S o l u t e , g S o l v e n t , g G o n c n . , m A s s o c i a t i o n , i 
0 . 0 0 9 0 . 0 1 9 3 4 . 5 2 1 0 . 0 0 4 1 .03 
0 . 0 4 9 0 . 1 5 9 3 ^ . 9 9 7 0 .035 1 .56 
0 . 0 9 6 0 .382 35-755 0 .082 1 .86 
0 . 1 2 5 0 . 5 4 4 3 6 . 6 2 7 0 . 1 1 3 1 .99 
0 .190 1 .034 3 8 . 2 9 2 0 . 2 0 6 2 . 3 8 
0 . 2 8 9 1 .873 4 1 . 1 3 9 0 . 3 4 8 2 . 6 6 
0 . 3 7 5 2 . 8 7 8 4 4 . 5 5 ^ 0 . 4 9 3 2 . 9 0 
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T a b l e 2 0 . A s s o c i a t i o n of L i A l ( 0 - t B u ) H i n T e t r a h y d r o f u r a n 
T , ° G S o l u t e , g S o l v e n t , g C o n c n . , m A s s o c i a t i o n , i 
0 . 0 3 2 0 . 0 6 4 3 8 . 6 5 3 0 . 0 1 5 1 .04 
0 . 1 0 4 0 . 2 3 6 3 9 . 6 9 3 0 . 0 5 4 1 .16 
0 . 2 3 9 0 . 5 8 9 4 1 . 8 2 2 0 . 1 2 9 1 .19 
0 . 4 1 3 1 .180 4 5 . 3 9 4 0 .238 1 .28 
0 . 6 9 2 2 . 4 4 0 5 3 . 0 1 0 0 .422 I . 3 6 
0 . 9 2 4 3 . r A 5 6 0 . 8 9 2 0 . 5 6 4 1 .36 
T a b l e 2 1 . A s s o c i a t i o n of L i A l ( 0 - t B u ) ^ H i n T e t r a h y d r o f u r a n 
T , ° G S o l u t e , g S o l v e n t , g C o n c n . , m A s s o c i a t i o n , i 
0 . 1 2 8 0 . 5 5 9 3 8 . 4 3 5 0 . 0 5 7 0 . 9 8 
0 . 2 4 5 1 .156 4 0 . 5 8 1 0 .112 1 .00 
0 . 4 4 8 2 . 3 3 9 4 4 . 8 3 8 0 . 2 0 5 1 .01 
0 . 6 4 1 3 .668 4 9 . 6 1 5 0 . 2 9 1 1 .00 
1 .028 7 . 0 3 7 6 1 . 7 2 8 0 . 4 4 8 0 . 9 8 
1 .343 1 0 . 8 1 5 7 5 . 3 1 3 O.565 0 . 9 5 
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T a b l e 2 2 . A s s o c i a t i o n of L i A l ( 0 C H P h 2 ) h ^ i n T e t r a h y d r o f u r a n 
T , 0 G S o l u t e , g S o l v e n t , g G o n c n . , m A s s o c i a t i o n , i 
0 . 1 1 4 0 .438 3 5 . 7 5 1 O.056 1 .07 
0 . 1 8 5 0 . 7 5 9 3 6 . 5 3 1 0 . 0 9 4 1 .12 
0 . 2 4 0 0 . 9 9 3 3 7 . 0 9 9 0 .122 1 .11 
O.334 1 .627 3 8 . 6 3 9 0 . 1 9 1 1 .26 
0 . 4 4 5 2 . 3 8 0 4 0 . 4 6 9 O.267 1 .33 
0 .625 3 .565 4 3 . 3 5 0 0 . 3 7 4 1 .33 
0 .875 5 .453 4 7 . 9 3 9 O.517 1.32 
T a b l e 2 3 . A s s o c i a t i o n of L i A l ( 0 C H P h 2 ) 3 H i n T e t r a h y d r o f u r a n 
T, 0 G S o l u t e , g S o l v e n t , g Goncn . , m A s s o c i a t i o n , i 
0 . 2 5 3 2 . 5 8 0 3 8 . 0 4 0 0 . 1 1 6 1.00 
0 . 5 1 5 5 . 7 5 0 4 0 . 8 1 2 0 . 2 4 1 1 .02 
0 . 7 3 5 8 . 3 8 9 4 2 . 9 5 2 0 . 3 3 4 0 . 9 9 
I . 2 0 3 1 3 . 1 9 5 4 7 . 1 5 5 0 . 4 7 9 0 . 9 6 
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T a b l e 2 4 . A s s o c i a t i o n of LiBH. i n T e t r a h y d r o f u r a n 
T , ° C S o l u t e , g S o l v e n t , g C o n c n . , m A s s o c i a t i o n , i 
0 . 0 4 9 0 . 0 2 7 3 8 . 6 6 4 O.O32 1.45 
0 , 1 7 2 0 . 0 8 4 4 0 . 4 3 0 0 .091 1 .51 
0 .242 0 . 1 6 4 4 2 . 9 0 9 0 . 1 7 5 1 .59 
0 . 4 0 1 O.309 4 7 . 4 1 1 0 . 2 9 9 I . 6 3 
0 . 6 0 2 0 . 5 1 9 5 3 . 9 2 5 0 . 4 4 1 1 .60 
1 .020 1 .130 7 2 . 9 0 5 0 . 7 H I . 5 6 
T a b l e 2 5 . A s s o c i a t i o n of LiB(0CH^)H^ i n T e t r a h y d r o f u r a n 
T , ° C S o l u t e , g S o l v e n t , g C o n c n . , m A s s o c i a t i o n , i 
0 . 0 5 7 0 . 0 6 9 3 8 . 1 2 4 0 . 0 3 5 1.35 
0 . 1 2 8 0 . 2 0 3 3 9 . 8 7 1 0 . 0 9 8 1 .69 
0 .208 0 . 3 8 7 4 2 . 2 6 5 0 . 1 7 7 1,86 
0 , 3 2 1 0 . 7 1 1 4 6 . 4 8 3 0 . 2 9 5 2 . 0 3 
0 . 4 6 9 1.152 5 2 . 2 3 3 0 . 4 2 6 2 . 0 1 
0 . 7 2 0 2 . 2 6 8 6 6 . 7 6 9 O.656 2 , 0 3 
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T a b l e ? 6 . A s s o c i a t i o n of LiB(0CH ) H i n T e t r a h y d r o f u r a n 
T , ° C S o l u t e . g S o l v e n t , g C o n c n . , m A s s o c i a t i o n , i 
0 . 0 6 9 0 . 1 1 1 4 3 . 8 1 8 0 .031 0 . 9 9 
0 . 1 1 1 0 , 2 1 5 4 9 . 0 3 2 0 . 0 5 3 1.06 
0 .141 0 .405 5 8 . 6 3 3 0 . 0 8 4 1.32 
0 . 1 7 3 0 . 7 2 8 74 .871 O . l l P 1 .51 
0 . 2 8 8 2 . 2 7 0 9 4 . 5 0 0 0 . 2 9 4 ? . 4 4 
T a b l e 2 7 . A s s o c i a t i o n of LiB(0CH^) ? H i n T e t r a h y d r o f u r a n 
TV 0 f"! S o l u t p , g S ^ v « n t , g C o n c n . , m A s s o c i a t i o n , i 
0 . 0 6 9 0 .302 3 8 . 5 2 4 0 . 0 6 4 2 . 0 6 
0 . 1 3 0 0 . 7 1 6 4 3 . 4 4 4 0 . 1 3 5 2 . 2 9 
0 . 1 8 1 1 .325 5 0 . 6 7 5 0 . 2 1 5 2 . 6 1 
0 . 2 1 6 2 . 1 0 3 5 9 . 9 2 4 0 . 2 8 8 2 . 9 4 
0 .252 3 .146 7 2 , 3 2 1 0 . 3 5 7 3 .12 
T a b l e 2 8 . A s s o c i a t i o n of L i B ( 0 - t B u ) H ^ i n T e t r a h y d r o f u r a n 
T , ° C Solv i t^ , g S o l v e n t , g C o n c n . , ^ A s s o c i a + i o n , 1 
0 . 0 7 5 0 . 1 0 3 3 5 . 9 4 0 0 .030 0 . 9 0 
0 . 9 ^ 0 0 , ^90 ^ 7 . 5 1 7 0.091 0 . 8 7 
0.?RS 0 , 6 2 8 3 9 . 7 4 5 0 . 1 6 8 0 . 9 7 
0 , 6 4 8 1 .218 4 4 . 0 2 1 0 .295 1.0.1 
1 . 008 7 . 3 1 4 5 1 . 9 6 4 0 . 4 7 4 I . 0 5 
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T a b l e 2 9 . A s s o c i a t i o n of L iB(O- tBu) H i n T e t r a h y d r o f u r a n 
T , ° C S o l u t e , g S o l v e n t , g C o n c n . , m A s s o c i a t i o n , i 
0 . 182 0 . 5 3 4 36 .636 0 . 0 6 1 0 . 7 4 
0 . 3 2 7 1.081 3 9 . 1 7 0 0 .116 0 . 7 9 
O.558 2 . 0 6 0 4 3 . 5 2 9 0 . 1 9 9 0 . 7 9 
O.865 4 . 0 2 0 5 2 . 4 5 6 0 .322 O.83 
1 .193 7 . 3 2 0 66.76J 0 . 4 6 ] 0 . 8 7 
T a b l e 3 0 . A s s o c i a t i o n of L i B ( 0 C H P h ? ) H 3 i n T e t r a h y d r o f u r a n 
T , ° C S o l u t e , g S o l v e n t , g C o n c n . , m A s s o c i a t i o n , i 
0 . 1 3 3 0 . 4 7 6 4 0 . 1 9 2 0 , 0 5 8 O.96 
0 . 2 5 4 0 . 9 7 9 4 3 . 6 3 3 0 . 1 1 0 0 . 9 6 
0 . 3 5 0 1-553 4 7 . 5 4 9 0 . 1 6 0 .1.01 
0 . 4 6 6 2 . 3 6 6 5 3 . 1 0 5 0 . 2 1 8 1.02 
0 . 7 5 8 5 . 1 2 8 7 . 9 7 2 0 . 3 4 9 1 .03 
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T a b l e 3 1 . A s s o c i a t i o n o f LiB(OGHPh ) H i n T e t r a h y d r o f u r a n 
T , ° C S o l u t e , g S o l v e n t , g C o n c n . , m A s s o c i a t i o n , i 
0 . 1 7 6 1 .733 4 4 . 0 2 3 0 . 0 7 0 0 . 8 7 
0 . 2 9 0 3 .414 4 8 . 1 2 7 0 . 1 2 5 0 . 9 5 
0 . 4 6 9 6 . 1 7 8 5 4 . 8 9 7 0 . 1 9 8 0 . 9 4 
0 . 8 6 9 1 4 . 7 0 4 7 5 . 7 8 1 0 . 3 4 1 0 . 8 8 
T a b l e 3 2 . A s s o c i a t i o n of NaAlH^ i n T e t r a h y d r o f u r a n 
T , ° C S o l u t e , g S o l v e n t , g C o n c n . , m A s s o c i a t i o n , i 
0 . 0 8 6 0 . 0 7 3 3 5 . 5 2 0 0 . 0 3 8 1 .00 
0 . 1 7 9 0 . 1 7 6 3 7 . 1 5 5 0 . 0 8 8 1 .08 
0 . 2 5 7 0 . 3 1 5 3 9 . 3 9 6 0 . 1 4 7 1 .27 
0 . 3 5 2 0 . 5 5 8 4 3 . 2 8 1 0 . 2 3 9 1 .50 
0 . 5 3 6 1 .105 5 2 . 0 7 9 0 . 3 9 2 1 .63 
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T a b l e 3 3 . A s s o c i a t i o n of LiAlH. i n D i e t h y l E t h e r 
T , ° C S o l u t e , g S o l v e n t , g C o n c n . , PI A s s o c i a t i o n , i 
0 . 1 1 0 0 .106 3 1 . 9 0 2 0 . 0 8 7 1 .75 
0 . 2 3 1 0 . 2 5 4 3 3 . 7 5 7 0 . 1 9 9 1 .90 
0 .332 0 . 4 0 4 3 5 . 6 2 5 0 . 2 9 9 1 .99 
0 . 4 7 2 0 . 6 8 8 39 .158 0 . 4 6 3 2 . 1 8 
0 . 6 2 1 I . I 6 3 4 5 . 0 7 7 0 . 6 8 0 2 . 4 3 
T a b l e 3 4 . A s s o c i a t i o n of LiBH^ i n D i e t h y l E t h e r 
T , ° C S o l u t e , g S o l v e n t , g C o n c n . , m A s s o c i a t i o n , i 
0 . 0 6 7 0 . 0 4 1 3 2 . 7 2 9 0 . 0 5 1 1 .72 
0 . 1 3 6 0 . 0 9 8 3 4 . 9 6 8 0 . 1 2 6 1 .89 
0 . 1 9 0 0 . 1 5 4 3 7 . 1 9 7 0 . 1 9 0 2 . 0 0 
0 . 3 1 1 0 . 3 0 8 4 3 . 1 6 8 O.326 2 . 1 0 
0 . 4 0 5 0 . 4 8 6 5 0 . 2 5 8 0 . 4 4 2 2 . 1 9 
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T a b l e 3 5 . Observed Band Maximas i n t h e I n f r a r e d i n t h e Al-H S t r e t c h i n g 
and Bending V i b r a t i o n a l Reg ions f o r S e v e r a l Alkoxy D e r i v a t i v e s 
of LiAlH^ i n T e t r a h y d r o f u r a n ( G o n c . ^ 0 , 2 m) . 
Compound ^ Al-H ( c m " 1 ) <f Al-H ( cm' 
-
1 ) 
LiAlH^ 1690 765 
L i A l ( 0 C H 3 ) H 3 1690 7 8 5 , 7 5 5 , 720 
L i A l ( 0 C H 3 ) 3 H 1690 755 
L i A l ( 0 t - B u ) H 3 1 7 6 0 . 1705 7 9 5 , 7 7 5 , 738 
L i A l ( 0 t - B u ) ^ H 1760 7 8 8 , 772 
L iAl (OCHPh 2 )H 3 1690 760 
L iAl (OCHPh ? ) 3 H 1800 7 7 5 , 738 
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T a b l e 3 6 . Observed Band Maximas i n t h e I n f r a r e d i n t h e B-H S t r e t c h i n g 
V i b r a t i o n s f o r S e v e r a l Alkoxy D e r i v a t i v e s of LiBH^ i n 
T e t r a h y d r o f u r a n ( C o n e ^ 0 . 2 m) 
Compound V B-H ( cm* ) 
LiBH^ 2220 
L i B ( 0 C H 3 ) H 3 2220 
L i B ( 0 C H ? ) 2 H 2 2210 
LiB(OCH 3 ) 3 H 2210 
L iB(0 t -Bu)H 2220 
L i B ( 0 t - B u ) 3 H 2260 
LiB(0CHPh 2 )H 2220 
L iB(0CHPh 2 ) 3 H 2220 
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T a b l e 37 . Compar i son of C e n t e r - t o - C e n t e r D i s t a n c e s Between t h e Tons 
i n t h e I o n P a i r 
C a l o u l a t e d From C a l c u l a t e d From 
n , C r y s t a l l i n e ^ . , ~„ ~L E q u a t i o n 5 E s t i m a t e d From 
Compound B a d i t (A°) 3 ^ . 3 5 , 3 6
 ( J [ 0 ) D r e i d i n g Models(A°) 
LiAlH^ 3-35 4 . 9 5 . 0 
NaAlH^ 3 . 6 5 4 . 4 5 . 5 
LiBH^ 3 . 1 0 3 . 3 4 . 8 * 
Bu^NAlH^ — 5 . 2 
** 
5 . 0 
C a t i o n i s s p e c i f i c a l l y s o l v a t e d by f o u r m o l e c u l e s of THF w i t h t h e a n i o n 
a t t h e p o i n t of c l o s e s t a p p r o a c h . 
C a t i o n i s n o t s p e c i f i c a l l y s o l v a t e d by THF w i t h t h e a n i o n a t p o i n t of 
c l o s e s t a p p r o a c h . 
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T a b l e 3 8 . S t e r e o s e l e c t i v i t y of R e d u c t i o n s of K e t o n e s w i t h Complex M e t a l 
H y d r i d e s i n THF.38 The Numbers L i s t e d a r e t h e P e r c e n t a g e s o f 
t h e L e s s S t a b l e A l c o h o l Found i n t h e P r o d u c t s ( ± 0 . 5 $ ) . 
LiAlH^ NaAlH^ LiBH^ Bu^NAlH^ LiAl(0CH ) H L i A l ( O t - B u ) H' 
4 - t e r t - b u t y l 
c y c l o h e x a n o n e 10 13 7 15 - -
2 - m e t h y l -
c y c l o h e x a n o n e 24 29 29 26 69 30 
3 i ? t 5 - t r i m e t h y 1 -
c y c l o h e x a n o n e 80 59 53 55 - 95 
camphor 91 88 69 88 99 93 
norcamphor 91 8? 82 74 98 93 
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